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PREFACE  TO  THE  SECOND  EDITION. 


In  presenting  the  second  edition  of  this  work  to  the  public, 
the  Author  begs  to  offer  his  thanks  for  the  favourable  reception 
the  former  edition  has  met  with.  He  trusts  that  the  present, 
from  the  numerous  additions  made  to  it,  will  be  found  more 
worthy  of  notice 

It  having  been  objected,  that  no  mention  was  made  of  foreiga 
microscopes  in  the  first  edition,  this  seeming  omission  is  reme- 
died by  the  description  of  all  the  best  instruments  now  manu- 
factured by  our  continental  neighbours.  The  Author  begs  to 
offer  his  sincere  thanks  to  those  friends  who  have  kindly  aided 
him  during  the  progress  of  the  woric,  and  especially  to  Mr. 
Lister  and  Mr.  Jackson,  for  their  revision  of  the  whole  of  the 
former  edition. 


32,  BUkMfiioBD  Sqoaki, 
Deeembtr,  1851. 


PREFACE  TO  THE   FIRST  EDITION. 


Tub  rapid  advuicca  which  hxvc  beon  niadc  In  modL-m  tlmeBy-i 
townuk  a  correct   knowledge  of  the   intimate   atnicturo   of 
auiinittc  and   inanimate   beings,  by  the   cniploj-inent  of*  the 
Micro;»co|>c,  liave  given  to   this   instrument  an   im(M>i-tance 
pocond  only  to  that  of  the  Tclcseopc.      By  its  agency  alonai 
have  enidc  notions  and  theories  been  swept  uway,  and  scienc©! 
in  civilized  countries  made  to  stand  on  a  timicr  hmie.     In  thia^ 
land  of  niactiincry  and  manufuetures,  artists  have  not  been 
found  wanting  to  ilcvote  tlieir  time  and  talenti)  to  the  eonver- 
tnon  of  what  ntight  once  Iiavc  been  an  amusing  instrnmcnt  or 
a,  toy,  into  one  of  the  most  powcrtul  auxiliaries  that  can  ho 
employed  in  scientific  research.     In  proportion  to  its  use,  eo 
has  been  the  demand  for  improvement  in  its  construction,  and 
both  luuatcur  and  optician  liavc  laboured  tt^ether  to  bring  it 
to  ita  present  state  of  perfection,  tlic  former,  in  many  caseHj 
furnishing  the  means  to  enable  tlie  latter  to  carry  out    his 
designs.     In  the  present  day,  bo  urgent  has  been  the  call  for 
Achromatic  i^licroscopes  in  Kngland,  that  the  demand  Iiaa  far 
exceeded   the  eupply   of  information  on  matters  connectc<l 
vrith  their  construction  and  use;  since  the  works  of  Sr  D. 
Brewster,  Dr.  Goring,  and  ifr.  Pritcbanl,  no  treatises  of  a 
practical  nature  liave  been  published  in  tliis  country.     Tlie 
writings  of  Mr.  Pritchard,  although  very  excellent,  arc  chiefly 
confincil  to  the  instruments  and  ap^wratus  of  his  own  manu- 
facture;   consequently,   persons   who    sire    in    possession   of 
microscopes  coustructcd   by  others  (and   ibesc   by    far   the 
most   numcroua  cluas)  are    b6II   without  a  gnido    to   (heir 
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mnnagemcut;  to  remedy  this  dcfieicn(^y,  the  present  work 
lins  Wm  undertukeu.  The  priuci]>al  aim  tltc  Author  hna  had 
in  view,  has  been  to  furnUh  tlic  uninitiated  with  a  concise  and 
practical  account,  firstly^  of  tlic  Aiicroscope  ns  known  in 
fonner  years;  Bueondly,  of  the  different  forms  of  instnimcntd 
now  generally  employed;  tlitnlly,  of  the  methfxls  of  applying 
Uie  eame  to  scienttfio  inquiry;  and,  lastly,  of  the  various  plans 
of  projiarlng,  mounting,  and  examining  auiuiftl,  vcgotabto,  and 
mineral  ifubstaiiceti,  togetlier  with  a  eliumification  of  a  few 
rharoctcHstic  and  interesting  specimens  that  may  be  selected 
from  the  great  volume  of  ^'ature. 

It  was,  at  first,  tlic  intention  of  the  writer  to  have  included 
in  tilt'  present  'IVRiitise  the  methodi*  of  tliasticting  and  injecting, 
HS  well  as  many  very  important  matters,  purely  of  an  anato- 
mical nature;  but  he  biu»  found  it  advisable  to  defer  these  and 
all  others  relating  cxciuiilvely  to  physiological  science  to  a 
separate  work,  wIiiL-h  he  hopes  at  a  sub^-queut  period  to  lay 
before  the  medical  profession,  to  whom  the  Microscope  lias 
now  become  indispensable  as  an  educatiooal  instrument. 

The  different  modes  of  preparing  and  examining  Micro- 
scopic objcete  are  chiefly  the  result  of  the  Author's  own  cxpc- 
ricocc;  but  as  it  would  be  next  to  im]Xisaible  for  one  individual 
Ui  be  fully  conversant  with  all  theite  subjects,  he  begs  to  stite 
thiU.  he  will  always  be  gUul  to  receive  from  fellow-Iabourere 
hints  bearing  on  matters  rekung  to  the  Microscope,  and 
ready  to  acknowledge  the  source  from  whence  such  mfonua- 
tiou  may  have  been  derivcil.  In  onler  to  render  the  matters 
treated  otj  clear  and  intelligible  to  the  general  reader,  as  many 
technicalities  us  posmble  have  been  avtudcd,  and  the  simplest 
language  made  use  of;  which  will  account  for  the  plainness  of 
style  and  composition. 

It  may  be  remarked  that  the  name  of  Mr.  Ross  occurs  more 

frequently  tiiuu  tliat  of  any  other  optician;   this  has  aristm 

from  the  very  valuable  pa|>ers  published  by  him,  from  which 

the   Author  has  made  copious   extmets;    he   end>nicc8  tins 

b 
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Opportunity  of  acknowledging  the  kind  assistance  afforded  him 
on  all  occaaiona  by  Messrs.  Powell  and  Lealand,  Mr.  Koss, 
and  Messrs.  Smith  and  Beck.  He  would  here,  also,  beg  to 
tender  his  best  thanks  to  Dr.  Pereira,  Mr.  Bowerbank,  Mr. 
Jackson,  and  other  gentlemen,  who  have  obligingly  aided  him 
with  much  useful  information  during  the  progress  of  the  book, 
as  well  as  to  the  arBsta,  Messrs.  Leonard  and  Aldous,  and 
the  wood  engravers,  Messrs.  Vasey  and  Joyce,  for  the  able 
manner  in  which  their  part  of  the  work  has  been  executed. 

In  conclusion,  the  Author  trusts  that  his  endeavours  may 
not  be  imavailing  in  affording  as^tance  to  those  who  are 
engaged  in  Microscopic  investJgationB;  and  should  his  efforts 
be  conducive,  in  the  sUghtest  degree,  to  the  promotion  of 
scientific  research,  the  end  for  which  he  has  laboured  will  be 
fully  accomplished. 

10,  DoiOBBBm  Pucn, 

BLAiTDroBD  Squaak, 

Nov.  Wtk,  1848. 
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bom  iltiring  the  first  year  of  the  Christian  sera,  and  died 
A.I>.  65,  writce  that  email  and  indistinct  objects  bccoioe  larger 
and  more  diKtinct  in  form  when  seen  through  a  globe  of  glikAS 
Blled  with  wator.*     Pliny,  who  died  in  a.d.  79,  mentions 

*  "  Liu^rs*  quainvBt  ntinutw  et  olwunc.  per  TilrcAm  pilom  iquA  plennm, 
inajorM  riarioriwquc  pcrnunttir."— AW.  Quirst,  lib.  i.,  ca\v.  7. 
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THE    MICROSCOPE 


HISTORY  OF  THE  MICROSCOPE. 


The  tenn  tnicnwcoiw,  derived  firora  the  two  Greek  words 
fitKpot  etnmll,  and  atvrt*^  I  view,  and  emd  to  have  been 
fint  tfuggeifted  hy  Deiuittianufi,  in  applied  to  an  instrument 
wluch  enables  us  to  ece  distinctly  and  to  investigate  objects 
placed  at  a  ghort  distance  from  the  eye,  or  to  see  such 
minute  objects  a&,  witbimt  its  aid,  would  be  innttible.  The 
early  history  of  this  instrument,  like  that  of  many  otJicrs 
of  a  scientific  nature,  is  involved  in  conmderable  obscurity,  so 
that  not  even  the  time  of  its  discovery,  nor  the  name  of  the 
discoverer,  can  be  fixed  on  witli  any  def^ree  of  certainty;  but 
as,  in  its  most  simple  form,  the  microscope  consisted  of  little 
or  nothing  elm!  tlmn  the  magniiying  power  or  Icna,  wliich 
must  of  necessity  have  been  mode  of  glass  or  some  other 
transparent  and  higldy  refracting  material,  its  invention  may 
with  safety  be  referred  to  a  period  anterior  to  the  Christian 
mrsL  AriFtophanea,  who  livcil  five  centuries  before  Christ, 
speaks  in  his  Cionds  of  a  burning  sphere.  Seneca,  who  was 
bom  during  the  first  year  of  the  Christian  sera,  and  died 
a*Xk  66,  writes  that  small  and  indistinct  oljjcctd  become  lai^r 
and  more  distinct  in  form  when  seen  through  a  globe  of  gbuts 
filled  with  water.*     Pliny,  who  died  in  a.ii.  79,  mentions 

■  "  Litenp  qtiatnvis  minuLo'  e(  olwcunc  ptT  vilronin  pilsra  aqu&  ptcnam, 
niAJorcs  clftriorvsquc  rornuntiir." — Nat.  Qtuttt,  lib.  i.,  CJip.  7. 
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the  burning  property  of  Icnees  mode  of  glass.  Ptolemy,  the 
celebrated  lurtronomer  of  Alexandria,  who  flouritihed  in  tlie 
latter  port  of  the  first  century,  was  evidently  cognizant  of 
the  existence  of  roopnifj-ing;  glnasee,  and  nmkea  u^  of  the 
word  refraction  in  his  work  on  optica.  The  testimony  of 
these  ancient  writer*!,  however,  is  only  imjHJrtant  as  proving 
the  exit*tence  of  the  inicroeicope  in  its  moet  simple  aad  rudi- 
mentary fonn,  viz.,  as  an  instrument  c«mpoeed  of  a  single 
niagiiifying  ghiss  or  sphere,  whose  cliief  appUcation  appears 
to  have  been  that  of  consent  rating  the  lieating  power  of  tlie 
sun'e  rays.  It  ia,  however,  certain  tliat  the  eiinplo  micro- 
scope,  if  we  apply  this  term  to  every  instrument  used  for 
magnifying  objects,  fii'st  consisted  of  a  sphere  of  gla«  or 
globe,  of  the  same  material,  filled  with  water;  these,  no 
doubt,  were  soon  superseded  by  lenses  of  a  bi-convox  figure, 
for,  according  to  Dr.  Francis  Redi,  the  latter  were  in  uae 
early  in  the  fourtli  century.  To  our  countryman,  Roger 
Bacon,  who  was  bom  at  the  commencement  of  tJie  thirteenth 
century,  is  attributed  tlic  invention  of  the  teleacopo,  the 
camera  obscurn,  the  reading  glass,  and  gunpowder,  and,  by 
some,  the  discovery  of  tlie  microscojic,  as  he  speaks,  in  his 
Opits  Majus,  of  principles  applicable  to  it ;  Record,  in 
his  work,  entithnl  Cheniin  de.  la  Sciaice^  published  in  1551, 
relates  that  Bacon,  whilst  at  Oxford,  mode  a  glass  wliich 
exhibited  such  curious  tilings,  that  its  elfect  was  generally 
attributed  to  some  diabolical  power.  Some  centuries  were 
BuffertHl  to  elapse  before  tlic  microscope  was  agimi  noticed, 
and  then  wo  read  of  it  in  its  improved  or  compound  form, 
as  being  supplied  witli  two  or  more  magnifying  powers. 
Several  authors,  especially  Huyghens,  assign  the  invention  of 
the  compound  microscope  to  Cornelius  Drobbcl,  a  Dutchmaiv 
in  the  year  1B2I,  whilst  Fontana,  a  Neapolitan,  clainta  tho 
discovery  for  himself  in  1618.  According  to  RorcUiis,  it  was 
invented  by  Zacharias  Jansen  or  Zansz,  or  his  father  Hana 
Zansz,  spectacle-makers  at  Middleburg,  in  Holland,  about 
the  yiiar  1590 ;  tliey  are  said  to  have  presented  the  first 
microscope  to  Charles  Albert,  Archduke  of  Austria.  "  One 
of  their  microecopee,"  says  Sir  D.  Brewster,  in  his  Treatuie 
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OH  Microscoj}egt  page  2,  "  which  they  prcsentod  to  Prince 
Maurice,  was  in  the  year  1617  in  the  |H!)i4t>e}>^i()n  of  C-omelius 
Prebhcl  of  jVlkniaar,  who  then  resided  in  London  as  muthc- 
uialiciau  to  King  Janiea  ].,  in  which  place  he  made  micro- 
scopes, and  passed  thorn  off  aa  being  of  his  own  inrcntion." 
Tliese  instrumeiita  were  aaid  to  be  aix  feet  in  length,  and 
con^tcd  of  a  tube  of  gilt  copper,  one  inch  in  diameter,  sup- 
ported by  thin  bnuw  pillars,  in  the  shape  of  di)Iplnnfl,  on  a 
bii6C  of  ebony,  which  waa  adapted  to  hold  the  object  to  be 
examined ;  nothing,  however,  is  known  of  their  internal  con- 
struction, they  were,  probably,  nothing  more  than  telescopes 
converted  into  c»iu|iound  microscopes,  and  there  is  little 
doubt  that  tliey  were  similar  to  the  one  wliich  iEpinus  hoa 
described  in  a  letter  addressed  to  the  Academy  of  Sciences 
of  St.  Petersburg.  We  are  also  told  by  Viviani,  an  Italian 
matlicmatician,  in  liis  Life  of  Galileo^  "  that  tlus  great  man 
was  led  to  the  discovery  of  the  microscope  from  that  of  the 
telescope,  and  that,  in  1612,  he  sent  one  tn  Sigismund,  King 
of  Poland;"  he  adds,  "that  this  philosopher  worked  twenty 
years  at  his  apjmmtua  in  order  to  perfect  it."  But,  notwith- 
standing oil  the  atmre  conflicting  i^tatcmentu,  the  credit  of 
the  invention  of  the  compound  mici-oscope  is  ^vcu  (in  this 
country  at  least)  to  Zacliario^  Janeen,  in  1590. 

Leaving  then  the  region  of  uncertainty,  let  us  now  direct 
our  attention  to  matters  of  a  more  tangible  nature.  With 
the  foundation  of  the  Itoyal  Society,  in  1660,  may  be  said  to 
have  commenced  a  new  ajra  in  optical  siTicuce,  for  not  only  do 
we  now  find  new  microscopes  described,  but  the  early  volumes 
of  the  Trmutactiims  literally  teem  with  improvements  in  the 
construction  of  these  instruments,  and  with  discoveries  made 
through  their  medium.  One  of  the  first  contributors  ap^icars 
to  have  been  the  celebrated  Robert  ilookc,  who,  as  early  aa 
the  year  1667,  publiuhetl  a  work  "on  some  jihysiulo^cal  de- 
scriptions of  minute  bodies  made  by  magnifying  glasses," 
entitled  Microffraphia,  wluch  may  be  fairly  styled  one  of  the 
wonders  of  the  day;  it  is  illustrated  with  38  plates,  and  waa 
ordered  for  puhlicadon  November  23r(1,  1664,  but  did  nut 
appear  until  three  years  al^rwards. 
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The  microscope   udcd   by   Hooke   waa  a  com[x>und   one 

mik  three  Icnfics»  nnd  is 
ftliown  at  6g.  I,  and  alM> 
in  t}ie  sixth  figure  of  the 
firat  |>Tute  of  his  work,  id 
which  figure  it  will  b© 
percfiived  that  he  Vikcvflsc 
represents  a  method  of  illn- 
nitnating  opa<ine  objects, 
practised  even  at  tlie  pre- 
sent day,  Uie  plan  being  to 
place  a  globe  of  gla^s  filled 
with  salt  water  or  brine 
inimcdiatcly  in  front  of  the 
*  '•  lamp,   the   pencil   of  rays 

from  the  globe  Is  received  by  a  small  planoconvex  lens,  placed 
with  its  convex  side  nearest  the  globe,  by  which  the  [>endl  is 
condensed  u|H>n  the  object.  Hookc  ako  informe  us  of  an 
accurate  method  of  finding  the  magnifying  power  of  a  com- 
pomid  microflcope,  than  which  a  better  plan  has  not  been 
suggested  in  modern  times,  and  aa  it  would  be  difiicnlt  to 
make  his  description  shorter  or  more  intelligible  than  it  is,  hia 
own  words  will  here  be  transcribed: — "  Having  rectified  the 
microscope  to  see  the  desired  object  through  it  very  distinctly, 
at  the  same  time  that  I  look  upon  the  object  through  the  glass 
with  one  eye,  I  look  upon  other  objects  at  the  same  distance 
witli  my  otlier  bare  eye;  by  which  means  I  am  able,  by  the 
help  of  a  nder  divide*l  into  inches  and  small  parts,  and  laid  on 
the  pedestal  of  the  microscope,  to  cast,  as  it  were,  the  mag- 
nified appearance  of  the  object  upon  the  nder,  and  tliereby 
exactly  to  measure  the  diameter  it  appears  of  through  the 
gloss,  wliich  being  compared  with  the  diameter  it  appears  of 
to  the  naked  eye,  will  easily  afford  the  quantity  of  its  mag- 
lufying."  To  Hooke  also  belongs  the  merit  of  having  first 
made  globule  lenses  of  high  power,  an  invention  which  Hart- 
soeker  has  also  claimed;  but  if  the  dates  of  tlie  worka  of 
these  respective  authors  be  consulted,  it  will  be  seen  tlint  tlio 
Mirrograpfna  of  Hooke  was  published  in  the  some  year  that 
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Hortdoeker  was  bom.  Houke  describes  excccdiugly  well  tlic 
procees  of  making  globule  lenses,  wliicli  is  m  ibilows: — "  If  you 
take  u  eleor  pietx  of  Veuiec  glass,  awl,  iu  a  lamp,  draw  It  out 
into  fine  threads,  aad  then  hold  the  ends  of  the^  threads  in 
Uie  flame,  until  they  melt,  tliey  will  run  into  a  *imall  round 
globule  or  drop,  which  will  hang  to  tlie  end  of  tlie  tlu-ead; 
having  made  a  number  of  the-se,  they  are  all  to  be  stuck  ujMm 
the  end  of  a  stick  with  a  little  6caling-wax,  with  the  threads 
standing  uppermost ;  the^c  end*  are  to  be  gnmnd  off  first  on  a 
whetstone,  and  then  polished  on  a  metal  plate  with  tripoli. 
The  lenscti  thus  finiithrd,  if  pinrod  against  a  small  hole  made 
iu  a  thin  piece  of  metul,  and  fixed  there  witb  wax,  will  both 
magnify  and  make  some  objects  more  distinct  than  any  of  the 
gi-eat  microscopes  can  do." 

The  optical  part  of  the  microscope  of  Hooke  consisted  of  a 
small  object-gl&»4,  a  field-gla^a,  and  an  eye-glass ;  when  he 
widbed  to  examine  the  parts  of  an  object  more  accurately,  ho 
removed  the  middle  or  field-glaiw,  and  by  that  means  he 
states  he  obtained  more  light  and  Iwttcr  dctinition.  The 
com[x>und  body  was  of  the  shape  rcprcscntml  by  fig.  1,  and 
when  shut  up  was  seven  inches  in  length,  and  three  inclics  in 
diameter,  but  was  capable  of  being  drawn  out  like  a  telescope, 
being  sDpplied  with  four  tubes  or  slides;  it  was  also  ejL|)ablo 
of  being  inclined  at  any  angle  by  means  of  a  ball  and  socket 
Joint,  as  represented  by  fig.  1.  Coeval  with  Hooke  were 
Euatachio  Divini,  of  Kome,  and  S.  Campani,  of  Uologna,  the 
fonner  of  whom,  in  the  year  1668,  publislied,  in  tlio  Ptufo- 
fophical  Tramactiom,  an  account  of  his  microscope,  which 
consisted  of  an  object-glass  and  field-glass,  like  that  of  Hooke, 
but,  instead  of  a  dimblis  convex  rye-glass,  he  substituted  two 
planoconvex  lenses,  which  touched  each  other  In  the  middle 
of  their  convex  surfaces;  by  this  arrangement  a  Hat  field  of 
view  was  obtained,  at  the  same  time  with  a  considerable 
amount  of  magnifying  |>ower.  It  is  wud,*  that  the  compound 
body  of  this  instrument,  when  shut  up,  wos  sixteen  inches 
long,  and  as  large  in  circumference  as  a  man's  tliigli,  and  Lbiit 
the  cyc-^lass  was  equal  in  size  to  tlie  palm  of  the  hand;  itA 
'  Cticvslier  Deg  JUtcnucopet  el  tie  tcur  utage^  p>  U- 
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power  wae  increased  by  draw  tubes  from  40  to  140  til 
Hie  latter,  S.  Campani  of  Bologna,  was  alao  a  maker  uf 
telescopes  and  nucn)eco|>et<,  and  a  HiicceRefid  rival  of  the  former, 
his  inalrunicnt  v,i\6  tmmcwhat  similar  to  that  niade  by  Divini, 
being  on  the  principle  of  an  inverted  telescope.  Compuii's 
lenses  are  said  to  have  been  worfcwl  on 
a  turn-tool,  and  not  raouldc<L  In  1672, 
we  find  that  S.  P.  ^vetti  made  miero> 
scopes  in  imitation  of  those  of  Divini 
and  Campani,  wliich  were  found  to  for 
exceed  those  of  the  above-mentioned 
ordsts  in  their  magnifying  and  detinii^ 
powers ;  but  we  arc  not  told  in  what 
points  of  constructioD  thcdc  instru- 
ments differed  from  those  of  his  prede- 
ccseora. 

In  tlie  year  1673,  the  name  of  the 
immortal  Lecuwcnhock  first  appears 
in  the  Pliilosopkical  Transactitms  of 
this  country,  as  a  discoverer  of  nu- 
merous wonders  by  aid  of  the  micro- 
scope; his  instruments^  which  were  com|KWcd  of  single  lenses, 
ore  Bald  to  have  been  greatly  superior  to  oil  that  hod  been  pre- 
viously made.  According  to  Baker, 
they  were  also  remarkable  for  their 
eiiiiplicity,  each  one  consisting  of  a 
single  lens  set  between  two  plates  of 
silver,  perforated  with  a  small  hole, 
with  a  moveable  piu  bd'ore  it,  to 
place  the  object  on  and  adjust  it  to 
the  eye  of  the  beholder.  "  It  has 
been  stated  by  many  authors,"  says 
Baker  (  On  Microscopes^  vol  iu),  "  that 
tlie  magnifiers  used  by  Leeuwenhoek 
were  globules  or  spheres  of  glass,  like 
those  invented  by  Hooke,  but  such 
is  not  the  caee ;  he  assures  us  that  in 
the  cabinet  of  the  twentv-six  micro- 
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ecoi>e3,  left  by  that  famous  man  at  bis  dcatli  tu  the  Koyal 
Society  na  a  legiicy,  each  inBtrnmcnt  haa  a  double  convex 
leas>  and  not  a  sphere  or  globule." 

An  account  of  theao  microscopes  was  drawn  up  by  Baker, 
in  1740,  and  published  in  the  Philosophical  Tranaactions  tor 
that  year.  Fig.  2  is  a  front  view  of  the  instrument, 
and  6g.  3  a  back  view,  botli  being  of  the  exact  size  of  tho 
original :  a,  fig.  2,  represents  a  flat  plate  of  silver,  which  Is  ri- 
vetted  to  ftg.  3  by  rivetft,  b  l>  b;  between  these  plates  a  small 
double  convex  lens  is  let  into  the  socket,  and  a  hole  drilled 
in  each  plate  for  the  eye  tu  lu<ik  through  tlic  lens  at  c ;  a 
limb  of  silver,  d,  is  fastened  to  tho  plate,  «,  by  a  screw,  c,  tliis 
has  another  piece  of  silver  joined  to  it  at  right  angles,  y,  flg.  3, 
through  Uiie  a  long  fine-thrcatled  screw,  tf,  runs,  wluch  turns  in 
and  nuses  or  lowers  tlie  stage,  A,  whereon  is  fastened  a  pin,  i, 
for  the  object  to  be  attached  to  \  this  pin  can  be  turned  about 
by  the  little  handle,  A,  and  tho  stage  Jt^slf  ia  adjusted  to  or 
from  the  lens  by  tlic  screw,  /,  which  ]>a»ses  through  the  stage 
iu  a  horizontal  position,  and  when  the  screw  is  turned,  the 
stage  is  forced  from  or  brought  nearer  to  the  lens  at  c. 

"  All  the  parts  of  these  microscopes,''  says  Baker,  "  arc  of 
silver,  and  faaliioned  by  Mr.  LecuwenhoekV  own  hand,  and 
tlie  glasses,  which  arc  excellent,  were  all  ground  and  set  by 
lumself,  each  instniment  being  devoted  to  one  or  two  ()hjecta 
only,  and  could  be  ai>plicd  to  uothing  else.  This  method 
induced  him  to  make  a  microscope  with  a  glass  adapted  to 
almost  every  object,  till  he  had  got  some  hundreds  of  them. 
The  Iiighc^^t  magnifying  power  wa«  160  diameters,  and  thu 
lowest  40." 

About  this  time,  the  end  of  the  Hth  century.  Sir  Isaac 
Newton  was  in  tlie  zunith  of  his  gloiy;  having  discovcnnl,  in 
1672,  the  tlieorj-  of  light  and  colours,  he  waa  lc»l  to  the  im- 
provement of  the  telescope,  by  substituting  mirrors  for  lenses, 
and  he  commences  his  memorable  paiM?r  in  the  Philosophical 
TramacHom  with  tlicse  words: — "When  I  hiul  found  that 
light  consiste  of  rays  differently  refrangible,  I  left  off  my 
glass  work^,  for  I  saw  that  the  iKrfoction  of  telescopes  was 
hitherto  limited  not  so  much  for  want  of  glasses  truly  figured. 
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oe  hccauBc  thai  light  it«elf  is  a  heterogcncood  mixture  of  dif- 
ferently refrangible  rayu."  Having  constructed  a  tclcdcope  oo 
th«  refle<rting  principle,  Newton  was  Boon  led  to  apply  the 
Hune  principlea  to  the  microscope,  and  wc  find  that  in  the 
year  1672  he  invented  the  first  compound  reflecting  micro* 
BCui}e>  iincc  »o  greatly  improved  by  Araici,  Cuthbert,  and 
Dr.  Ooring.  Newton  also  suggested  Uiat  the  com|»uDd 
refracting  microecopo  would  be  rendered  more  perfect  "if| 
the  utiject  to  be  viewed  were  illiumnatcd  in  a  darkened 
room  by  light  of  any  convenient  colour  not  too  much  oom- 
puuiided;"  in  fact,  monochromatic  light. 

In   the  year  1698,  Philip  BonnanJ,  in  his  work  entitled 
Oh»ervatiane$  circa  vin^ntiaj  quee  in  Rebus  non  vivctUihua  repe-\ 
riuntuTj  describes  a  com[>ound  microecope  in  nee  by  him.. 
Thia  microscojw,  which  ig  represented  by  fig.  4»  waa  placed 


on  n  stand  in  the  horizontal  position,  and  was  provided 
with  u  stage  for  the  objects;  and,  with  a  coarse  and  fine 
adjustment  to  the  compound  body,  tlie  fonner  was  obtained 
by  meanfl  of  u  rack  and  pinion,  which  moved  the  entire 
fnune-work,  Bupiwrting  the  compound  body,  whilot  the  latter 
was  effected  by  a  ecniw  in  the  end  of  the  boily  itiwilf  near 
to  the  object  glaw;  and  to  !*teady  the  opfKieite  end  of  ih 
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body,  a  triangular  support  waa  provided,  on  which  tlie  body 
WHfl  readily  turnwl.  In  order  to  umke  tlie  Ugbt  of  a  lamp, 
or  evTO  daylight,  iiwre  efKcient,  this  iiiBtnunent  wji«  supplied 
with  a  short  tubo,  in  which  were  two  double  convex  lenses, 
as  in  a  magic  Uuiihom,  which  eer\-(H}  to  condense  the  light 

^u|>un  the  object. 
A  work  entitled    Oculiu  ArtiJiciaHs    Teledhptricm,   &c, 
was  publii^icd  ut  Nurcmbci^,  in 
>■  1702,   by    Jean   Zahn,   in    winch 

\a^  / —       were  contained  numerous  curious 

yi^yi  H^O)      aphori»m»(,  and   a  descriptinu   of 

\m  Lj      many  compound  microscopes,  and 

H       1 1  ^       amongst    others,    two    binocular 

IpM^-^  ones,   and   also   a   figure   of   the 

(jfv™[  Y  "^       micr(i8co|)e  of  Francis  Grindeliufi, 

yy^V^  \    /      represented   by  fig.   5.     It  will 

yrA  ^B  II    v  \  /       \yQ  geen  that  this  instrument  was 

^.      (f  Iff  ^^  r^\\  \        A       "^"^^  ^'■^'^  oi>aquc  objects,  and  that 
^P      V-\V?^«,^^/        n       ***  optical   part  Cflnsisted  of  six 

planoconvex,  lenses,  but  of  its  size 
^_       "'*'^^^=^^^^^  we  have  no  record. 

^P  Fig.  tf.  About  iliis  period,    1696,   wo 

find    that    Mr.     Stephen    Gray^ 

of  tlie   Charterhouse   (Philofophicai    Transactions^  No.  221, 

p.  280),  suggests  that  globule   lenses  should   be  formed  of 

^m    small  pieces  of  glass  melted  into  a  globule  on  charcoal  by 

^^    means  of  a  blow-pipe ;  but  finding  that  he  could  not  always 

succeed,  and  that  on  the  side  u[)on  which  tliey  rested  on  the 

charcoal  they  were  more  or  less  flattened  or  opaque,  he  waa 

^K    led  to  the  construction  of  his  water  microscope ;    this  was 

^M    nothing  more  tlian  a  drop  of  that  tluid  liiled  up  with  a  pin 

^P    and  deposited  in  a  email  hole  in  a  piece  of  braes.    The  drop 

^^     retained  nearly  a  spherical  form,  and  showed  objects  with 

»somc  degree  of  distinctness. 
Ho  Bubse<piently  contrived  the  apparatus  represented  by 
fig.  6,  to  be  used  as  a  water  microscope :  a  A  is  CJilled  the 
frame  of  the  microscope,  and  was  made  of  brass  one-sixteenth 
of  an  inch  thick ;  at  a  is  a  small  hole  ODC*thirtieth  of  an  inch  in 


of  mmttz  c  d r  m  flMther  piece  of  faraas 

wflii  kHMBcred,  ao  ■«  to  be  tfriqgj,  mad 

called  Ibe  object  ■ffWlii  ;  it  m  ettarlwH 

to  tbe  pbte  e  1^  br  ibe  xnw  e;  h  hu  e 

poia*  far  Bfa^iMetjeeft/,  and  ■  fade  ftr 

at  c^  boA  cf  vUch  can  be  broogbt 

to  Ae  leaa^  md  eaa  be  made  to 

ifipfoacb cvraeede hqhi  tiie  kbb  by  **"*"'^ 

tbe  acRv f  in  tbe mmd plat&    llnaBcrew 

k  attached  to  tbe  object  nqiporterfif^aad 

tbroo^  it  to  tbe  plate  a  l^^aiiue 

wfakb  H  wofa.  "ne  acpporter,  htaag  BMde 

f%ft.  yingy,  obey  readily  the  tarns  of  dfceierewy. 

Mr.  Stcffaea  Gny  waa  also  tlw  inresitor  of  a  flbl^]fe  icflecting 

icpceMOited  by  %.  7.     A  repretesta  a  btaas  ring, 

ooe-thirtieth  of  an  iodi  tB^  wboae  inner 

djwnHftr  it  about   two-^ftha   of  an    inch. 

Haring  Aasolrcd  a  globule  of  quieknlTer  in 

one  part  nitric  acid  and  ten  parts  water,  he 

rubbed  with  it  the  inner  sur&ce  of  the 

ring,  which  became  silvered:  having  wipe<l 

it  dry,  he  put  a  drop  of  quickalvcr  wilhin 

it,    thia,   when    pressed   with    the    finger, 

wlhered  to  the  ring;,  and  foniicd  a  convex 

speculum.     "When   the  ring  was  taken   up 

direful )y  and   laid  on  the   margin   of  the 

cylinder  B,  tbe  mercury  sank  down  and 

fonned    a    coocetc     reflecting     epcculum. 

The  cylinder  B  is  supported  by  a  pillar, 

O  attached  to  the  fo«t  D;  CC,  F,  G,  repre- 
aent0  a  stage,  wliich  is  capable  of  being 
raised  or  dcpreescd  by  the  screw  on  the 
pillar.  The  object  is  placed  on  the  ring  G, 
.-     _  luul  is  ]u]jut*ted  to  the  focus  of  tlie  tipeculuin 

by  die  aboveiuentioned  screw. 
'Vhu  ingt-'uiouA  gentleiiuin,  also  in  May,  1697,  ougge»ic<l  the 


TtTE  MICROSCOPE. 


11 


plan  of  making  leniiea  by  letting  tlm|w  of  water  fall  on  piccee 
uf  pUmc  gliLS3  which  form  themselves  into  plimoconvcx  IcntMrd, 
and  he  found  that  they  magnified  giiiatly;  hut  aa  the  flxiidity 
of  tho  water  obliged  him  to  keep  the  gloss  horizontal,  he  waa 
led  to  try  ieinj^lass  diiwolved  in  hot  water,  whereby  the  dropa, 
when  cold,  altliough  \csa  traUHi>arcnt  than  tlie  pure  water, 
nevertheless  allowed  of  these  lenses  being  uaed  in  any  position^ 
a  plan  which  many  years  after  was  followed  up  and  greatly 
improved  by  Sir  David  Brewster,  who  employed  minute  drops 
of  vamitsh  or  other  >^acid  fluids  placed  on  the  thin  pieces  of  flat 
glass.  When  the  lens  bo  formed  was  required  to  be  very 
convex,  the  gla^s  waa  held  so  that  the  drop  was  downward; 
but  when  less  convex,  then  the  drop  waa  allowed  to  dry  with 
the  plate  of  glass  downwards. 

In  the  year  1702,  we  find  in  the  Pkilosophkal  Transactumt 
u  description  of  tlie  pocket  microscope  of  Mr.  J.  Wilson, 
who,  following  tho  opinion  of  Hooke,  that  single  magnifying 
glawes,  when  they  can  be  used,  are  preferable  to  microtjcopes 

composed  of  two  or  more 
magnifying  glaeaea,  was  led 
to  the  Gonstnicdon  of  this  in- 
strument, which,  from  its  i'rc- 
qucnt  mention  by  Baker  and 
other  authors,  appears  to 
have  had  u  far-fumed  cele- 
brity, and,  indeed,  many 
»{>eclmuns  of  it  are  etill  to 
Ih?  met  with ;  one  of  the  ear- 
liest forms  uf  this  instrument 
is  represented  by  fig.  8.  Tlic 
body,  A  A  A  A,  which  waa 
made  either  of  ivory,  bnuss, 
or  silver,  waa  of  a  cylindrical 
figure,  and  about  two  inches 


:nfaBiniiiBg!!H!I^ 


in  length,  and  one  inch  in 
diameter ;  to  tlie  lower  end,  B, 
the   magnifiers    are   adapted, 
whilst  into  the  upper  screws  a  piece  of  tube,  D,  having  at 
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the  end,  C,  a  convex  glass,  and  on  iu  outnde  a  male  ac 
Tlirec  tliia  plates  uf  braas,  K,  arc  made  to  atide  easily  in  the 
im^Ule  of  the  body  to  fonn  the  stage,  one  of  the«e  |>LUe4 
K,  in  bent  aemi-circularly  in  Uic  middle,  for  tlic  rcccptiou  of 
a  tube  of  gUaa,  for  viewing  the  circulation  of  the  blood  in 
■null  fitfb,  whilst  the  uliicr  two  are  flat,  and  between  theM 
last  all  the  object  slidera  arc  introduced ;  between  the  stage 
and  that  end  of  thi;  body  into  which  the  magnifier  ecrcwv 
is  tt  bent  spring  of  wire,  H,  this  answers  the  purpoecs  of 
keeping  the  objects  fixed  between  tlic  platen  uf  the  tftage, 
and  of  pressing  the  stage  firmly  against  the  Bcrew-tube. 
Tlie  inognifiern  Nupplied  with  tliiu  microscope  were  eiglit  in 
nunil>cr,  and  tlie  objects  were  adjusted  to  their  focua  by 
the  »crew-tu1>e,  D,  for  which  purpose  the  screw  was  made 
of  nearly  the  same  length  as  the  body.  This  instrument 
WHM  held  in  the  Iiaud  in  8u<:h  a  position,  tluit  the  direct  light 
froui  a  candle  or  lamp  might  pass  directly  into  the  condcnAng 
ghuw;  it  was  subsequently  much  improved  by  the  addition 

of  a  spiral  spring,  instead 
of  the  cun'ed  one,  and  of 
a  handle  which  Krewed 
into  the  body  at  riglit  an- 
gles to  its  Icngtli,  and 
served  the  purpose  of  keep- 
ing the  body  in  the  hori- 
zontal position. 

Air.  Wilson  was  also  the 
inventor  of  a  microscope  for 
opaque  objects,  represented 
by  fig.  9;  this  connsted  of 
a  thin  piece  of  fiat  brass  B, 
alwiut  nx  inches  long  and 
hnlf-an-inch  wide,  one  end 
of  which  «:rved  a»  a  handle, 
and  to  the  other,  A,  the  mag- 
nifier was  screwed ;  con- 
nected with  the  middle  of 
this  piece   oi'  brofis   hy    a   hinge   was   a  joinleil   arm,  l*V, 


Fi«.  9. 
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cfliTjTng  at  its  free  extremity  a  eliding  wire,  G,  to  one  end 
of  wliich  wuH  nttnched  a  pair  of  forcciie,  I  I,  And  t^  tlic 
other  a  small  disc  of  ivory,  H,  blackened  on  one  side  nnd 
white  on  the  other;  the  arm  was  cn|Mible  of  betof;  adjusted 
to  or  from  the  Jens  by  mcane  of  a  ecrcw,  C,  hanng  a  nut 
with  a  milled  head,  D ;  the  spring,  E,  wneil  to  keep  the 
lens  holder,  A  B,  in  contact  with  the  nut ;  this  form  of  in- 
Ktruineut  \a  in  use  at  the  present  d:iy,  and  a  modification  of  it 
was  adopted  by  the  celebrated  Lieberkiihn  about  forty  years 
afWrwnnls. 

The  wonderful  dii»oovcric8  of  Leeuwenhoek  made  by  the 
single  micri»Rcopc,  gave  to  this  kind  of  instrument  an  universal 
reputation,  and  wc  find,  occordlngly,  that  the  compound  form 

WUH  hud  aside  for 
a  time,  and  the 
pocket  microscope 
of  Mr.  Wilson  waa 
in  'great  demand. 
L'pwarUa  of  tlnrty 
yeare,  however, 
were  »ufFere<l  to 
elapse  before  any 
step  vras  tjiken  (in 
tills  coimtry,  at 
least)  towards  tlie 
improvement  of 
this  instnimcnt ; 
the  compound  mi- 
croscope, then  in 
use,  was  the  con- 
trivance of  Mr. 
John  Marshall, 
and,  from  its  un- 
wieldy nature,  was 
very  Uttle  em- 
ployed. It  was, 
however,  the  first 
sale   in  England,  and  is 
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represented  by  fig.  10.     It  oonfdst^  of  nn  octagonal  base  of 
wood,  z,  which  supports  a  square  pillar  of  brass,  /  k,  having 
a  ball  and  socket  joint  at  m.     On  the  pillar,  /  A,  an  anu»  d, 
carrying  the  coiupouiid  body  a^a\  ia  made  to  slide  up  and 
down,  and  above  it  another  emallcr  arm,  y,  which  haa  a  ecrev 
for  tightening  it  at  A  ,■  /  is  a  long  screw  attached  lo  the 
arm,  rf,  carrying  the  compound  body,  and  when  tlie  ann  y 
is  fixed  by  the  screw  A,   the   nut  i  will  nise  or  d^r^ss 
the  comiKiund  body;  p  is  the  stage,  which  is  fixed  to  the 
pillar  by   the  arm  n  n  and  the  nut  o,  a  fish  in  laid  on  it 
for  examination;  r  ia  a  convex  lens,  for  concentrating  on 
the  stage  tlic  rays  of  light  from  the  catidle,  s,  whicb.  w 
placed  on  a  stool,  or  on  the  ground,  wliUiSt  the  microwope 
sttHxI  on  the  edge  of  a  tabic ;  v  is  tunne<l  a  leaden  coffin, 
for  putting  over  the   fish   to  keep  it  from  movii^.     The 
optical  jHirt  of  tliis  micrudcoi)€  consisted  of  two  convex  Icnsee, 
forming  iJie  eye-piece   in   the  compound  body,  and  of  «x 
magnifiers,  which   could   be   Bcrewed   to   the   tube  c     The 
pillar,  /  A,  was  marked  with    the  numbers  1,  2,  3,  Sec,  to 
show  the   respective   tUstances  of  the   magnifiers  from  the 
object.     There  was  no  mirror  to  this  microscope,  but  direct 
light  could  be  usetl  when  the  body,  by  means  of  the  ball  and 
socket-joint,  was  tnnicd  horiztmtally.     A  drawer,  /,   in  the 
stand,  2,  sor\'cd  to  contain  the  magnifiers  and  other  appa- 
ratus.    This  instrument  was   subaeqnently  nuich   improved 
upon  by  Mr.  Culi)epcr  and  3ir.  Scarlet,  and  will  be  pre- 
sently dc8cribc<l. 

In  1736,  a  new  torn  in  microscopic  science  presented  itiH:lf, 
viz. :  the  invention,  by  Licberkuhn,*  of  the  solar  microscope, 
and  of  a  concave  silver  speculum  for  viewing  opaque  objeota, 
which  still  bears  bis  name,  both  of  these  in»tnmientA  were 
8ub«eqDcntly  greatly  improved  upon  by  our  countryman, 
Mr.  Cuff.  The  solar  microscope,  aa  invented  by  Lieberkuhn, 
could  not  be  employed  unless  the  ami's  rays  fell  directly  u[H>n 
a  condensing  lens,  therefore  itit  use  was  limited  to  a  short 
portion  of  the  day.  Cufl^  however,  applied  a  moveable 
mirror  to  It,  and  made  it  more  available  for  general  use. 
*  Dr.  Nnthaiiipl  Lieberkiilin  of  Berlin. 
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Lieberkuhn  hiiiuelf  exhibited  hia  microBCDpee  to  suiue  Fellowi! 
of  the  Royal  Society  of  London  in  1739. 

The  aolar  microecopc,  as  improved  by  Mr.  Cufl^  for  a 
length  of  time  created  great  wonder  and  astonishment;  it 
was  principally  used  for  the  exhibition  of  animalcnics,  anil  the 
circulation  of  the  blood  in  the  newt,  frt^  or  eel;  and  was 
also  rocomracndod  for  getting  the  exact  figure  of  object*  on  a 
large  scale,  the  image  being  received  ujwn  a  screen  of  jMijKsr, 
on  which  the  outline  waa  traced  cither  with  a  pen  or  pencil ; 
when  the  [>a{)cr  wa8  sufficiently  tliin,  the  artist,  standing 
behind  the  screen,  wa8  enabled  to  draw  the  image  much 
better  tJian  when  standing  in  front  of  it,  and  with  this  great 
advantage,  that  the  shadow  of  the  hand  did  not  interfere  with, 
or  ol>&truct,  any  {portion  of  the  light. 

By  thr  the  moat  useful  of  Lieberktihn's  microacopcs,  how- 
ever, watt  tiie  one  fur  viL'wing  o|>aquc  objects,  by  means  of  whicli 
he  made  so  many  important  discoveries  in 
tlie  minute  structure  of  the  mucous  mem- 
brane of  the  alimentary  canal,  as  to  im- 
mortalize his  name  The  most  simple 
form  of  tills  instrument  is  represented  by 
fig.  11;  it  ia  not  unlike  the  (jocket  micro- 
scope of  Wilson,  repreacntcd  by  fig.  9, 
being  also  held  in  the  hand  by  the  handle, 
/);  fl  is  a  flat  piece  of  braes  attached  to 
the  handle,/},  it  supports  the  lens  holder,  ^ 
and  through  it  passes  the  screw,  A,  which 
is  connected  to  the  back-plate,  c;  a  spring, 
e,  keeps  the  plates  <7,  r,  apart,  and  the  nut, 
it,  adjusta  tlie  lens  to  the  focus  of  any 
object  placed  cither  on  g  or  A.  But  tlic 
chief  point  of  merit  in  ita  construction 
consiats  in  a  concave  specidum  of  silver.  A, 
highly  iMjlished,  to  the  centre  of  which  the 
magnifj'ing  glasa,  /,  ia  adapted  ;  this  being 
screwed  into  the  ring,  ?*,  and  the  object 
being  fixed  upon  tlie  point,  ^,  or  held  in 
Fig.  11.  the  ibrceps,  A,  the  iostnuuent  ia  phiccd 
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in  such  n  |K>mtion,  that  the  light  from  tlie  sun,  or  brigl 
c]ou<},  bcin^  recoivecl  upon  the  speculuin,  the  rays  are  con- 
centrated upon  it,  and  it  becomes  brightly  illuminated,  and 
is  adjusted  to  the  foeue  of  the  lens  by  tiunlng'  the  uut,  ^i  ^m 
all  loss  of'  time  in  Uie  serew  being  prevented  hy  thd  ^M 
spring,  e.     The   speculum,   is   that  ]>art  of  the   iostxiuiient 

which  is  tlie  most  im|X)rtant,  and  is  ^m 
in  general  use  even  in  the  present  ^| 
day.  Liebcrkuhn  woa  also  celebrated 
for  bis  beautiful  injections  of  the 
minute  Ungues  and  organs  of  verte- 
brate animals ;  many  speciracnB  of 
which  are  still  extant. 

In  the  museum  of  the  Koyal  College 
of  Sui^eons  of  England,  there  ia  a 
small  cabinet  of  two  drawers,  con- 
D  tinning  twelve 

fi  _  l-^Trrf  ^ Ji  of  thcae  valua- 
ble relit*,  each 
injection  being 
A  provided  with 
a  separate  mi- 
croecopc,ofthc 
form  shown  by 

Fig.  13,  fig-  12-     A  B 

represents  a 
piooe  of  brass  tube,  about  an  inch 
long,  and  an  inch  in  d'lameter,  pro- 
vided wilJi  a  cap  at  each  extremity, 
the  one  at  A  carries  a  miuU  double 
convex  lens  of  half  an  inch  in  focal 
length,  whilst  the  one  at  B  carries  a 
condensing  lens  three-quarters  of  on 
incJi  in  diameter. 

A  vertical  section  of  one  of  these 
instruments  is  seen  at  fig.  13.  A 
represents  the  magnifier,  which  is 
lodged  in  a  cavity,  formed  by   the 
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cap  A  and  partly  by  the  silver  cup  or  ei>cculum  L  In 
front  of  the  Icne  ia  the  speculum  /,  a  quarter  of  an  inch 
tliick  at  ita  cclgc,  having  a  focua  of  half  an  inch,  and  in 
front  of  tikis  tliero  ia  a  disf  of  nietul  r,  tlnec-eightlia  ia 
diameter,  connected  by  a  wire  with  the  amall  knoh  D;  njwn 
tliis  diec  the  injected  portion  is  faetcnod,  and  is  covered 
over  with  some  kind  of  varnish  which  lias  dried  of  a  hemi- 
spherical figure.  IJctwecn  tliis  knob  and  the  inside  and  ou^ 
aide  of  the  tube  there  are  two  sHiw  of  thin  hrass,  which 
act  08  Bpringa  to  keep  tlie  wire  and  disc  steady.  When 
the  knob  is  moved,  tlio  injected  object  is  carried  to  or  from 
the  lens,  so  as  to  be  in  its  focus,  and  to  be  seen  distinctly, 
whilst  the  condensing  lens  B  serves  to  concenti-atc  the  light 
on  tlic  speculum.  To  the  lower  part  of  the  tube  a  handle 
of  chony,  about  three  inches  in  length,  is  attache<1  by  a 
brass  fcrrulL'  ami  two  screws.  The  use  of  this  instriniiciit  U 
obvious;  it  is  held  in  the  hand  in  such  a  position,  that  the 
rays  of  light,  from  a  lamp  or  white  cloud,  may  fall  on  tlie 
condenser  R,  and  by  it  be  eoncentnited  on  the  speculum  /, 
which  again  further  condenses  them  upon  ihe  object  on  the 
disc  C;  the  object,  so  illuminated,  can  readily  be  udjuiited  by 
the  little  knob  D,  so  ait  to  bo  in  the  focus  of  tlic  small 
magnifier  at  A. 

The  injected  preparations  in  these  twelve  microscopes,  now 
nearly  a  century  old,  are  remarkably  beautiful,  and  tiie  only 
injurj*  which  they  have  sustiiined,  is  that  of  the  cracking 
of  the  vorui^h.  Lieberkuhn's  principal  researches  were 
confined  to  the  mtmite  structure  of  the  mucous  membrano 
of  the  alimentary  caniU ;  and  for  the  investigation  of  tiiese 
opaque  parts,  he  is  said  to  have  invented  tlie  silver  speculiun 
bearing  his  name,  althongh,  from  a  description  and  figure 
in  the  works  of  Lceuwenhoek,*  one  would  be  inclined  to 
«npI>oec  that  that  illustrious  man  woe  cognizant  of  its  prin- 
aplcs  and  use. 

The  other  microscope  which  Lieberkuhn  used  for  the  ex- 
omimition  of  the  mucous  membraneit,  and  tlic  ciiTulation  of  the 
hlooti  and  chyle  in  the  mesentery  of  small  animals,  is  rcprc- 

•  Vol.  u.  p.  280,  WttrkM  by  Htwlc. 
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Bented  by  figa.  14  and  15,  and  will  be  fmind  to  be  aocnratdj 
described  in  a  work  entitled  Disurtationes  quatuor  Johamai 

N.  LieherMuhn,  osA- 
lectcd  and  re^'ised  by 
John  Sheldon,  sur- 
geon, 1782.  It  con- 
fiistn  of  a  plate  of 
copper  or  brass,  about 
one-eighth  of  an  inch 
thick,  twclre  indiM 
loi^  by  eight  brood* 
and  faahinned  into  the 
ahapc  represented  by 
the  figures.  It  is  euj>- 
portcd,  in  a  vertical 
position,  on  a  tripod 
stand,  the  back  of  the 
inati-umeut  \s  repre- 
sented by  fig.  14,  and 
the  firont  by  15.  At 
each  comer  there  is 
a  Buaall  6li<Iing  wire, 
H  H,  with  a  hook  at 
one  end,  and  opposite 


Fig.  14. 


to  the  three  holes  in  the  plate  marked  A  B  and  C  are 
four  amaller  hooks,  h  h,  the  former  are  for  tl»e  purpose  of 
fixing  into  the  legs  of  any  small  animal,  the  circulation  in 
whose  raeacntcry,  either  of  the  blood  or  of  the  ehyle,  is 
i  about  to  be  examined ;  and  the  latter,  or  the  small  hooks, 
arc  used  for  bringing  Bucceaeive  portions  of  the  mesentery 
opposite  the  holea. 

The  part  of  the  microscope  carrying  the  magnifying  powere 
is  attached  to  tlie  plate  by  pegs ;  it  consists  of  a  thin  plate  of 
brass,  1,  fig.  15,  to  which  plate  is  attached  another,  2,  by  a 
rivet,  3,  this  last  plate  is  a  Utile  cur\'ed,  and  is  also  made 
elastic;  in  its  centre  is  a  screw,  4,  and  at  its  free  end  is 
a  hole,  5,  into  which  the  magnifier  screws ;  a  section  of 
this  part  of  the  microecopc  is  seen  in  fig.  16,  where  A  re- 
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prescDta  the  connection  of  the  two  plates  by  ft  rivet,  and  B 
the  bend  in  the  top  or  lens  holder,  C  the  screw  for  adjiut- 
ment,  and  D  the  hole  into  which  the  lens  E  screws.     The 
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aimnal  being  properly  secured  by  the  large  hooka,  and  the 
portion  of  it  to  be  ex;uiiincd  being  brought  before  the  hole  B 
by  the  small  hookfi,  the  microecope  Is  eo  placed,  that  the  light 
from  a  window  or  lamp  may  psws  through  the  hole,  the  arm 
provided  with  tlic  lens  being  brought  oppoeite  the  hole, 
and  over  the  piece  of  brass,  1,  the  lens  can  be  adjusted  to  or 
from  the  object  by  the  screw,  4,  and  the  plate  being  curved 
and  elastic,  will  always  obey  the  tiuTis  of  the  screw.  This 
form  of  instnunent  appears  not  to  have  been  constructed  for 
in  this  country,  and  was  never  improved  upon  like  the 
■olar  microecope,  or  that  for  opaque  objects.  It,  no  doubt,  was 
entirely  superseded  by  others  more  generally  useful. 
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At  thia  time*  1740>  wc  find  many  makers   of 
residing  in  the  motropolia,  amoi^t  wltom,    tho    names  of 
Cuff,  Benjamin  Martin,  and  Adnmis  require  especial  notiob 
Mr.  Cutt*  lias  already  been  mentioned  oa  the  improvcT  of  Uw^ 
solar  mirr(«copc  and   of  that  for  opaque   objects;,   both  cffl 
which  were  of  LicberkuImV  invention,  and  wc  fiod  tliat  id 
the  year  1747  ho  improved  for  Martin  Folkes  the  pocit'l 
microscope  of  Wilson,  by  fixing  it  to  a  stand,  and  by  wlding 
a   mirror  to  it ;   ho  subsequently  improved   tlie   stand  by 

uuninting  the  lens  on  a  moveable 
arm,  and  making  tho  stnge  to 
elide  up  and  down  on  a  eqoare 
Btem ;  the  instrument  in  this  im- 
proved form  wns  used  by  KUis  in 
his  examinations  of  carA  linens 
and  a  figure  and  description  of 
the  same  is  given  in  liis  work  on 
Zoopliytcs,  published  in  1 7  56, 
The  cumbrous  compound  instru- 
ment of  Mr.  Murethall,  l>dbre 
described  in  page  13,  was,  in  fl 
1750,  improvetl  by  Mr.  Culjwpcr, 
and  Mr.  Scarlet;  they  first  cm- 
ployed  a  concave  mirror  for  n^  fl 
fleeting  the  light  through  the 
object  and  the  com]K)imd  body. 
Their  instrument  is  represented 
^1  by  fig.  17,  it  was  corapoatKl   of 

two  tubes,  a  f>f  cither  of  wood 
or  paper,  eliding  one  within  tho 
other;  to  the  tube  /*  were  aliacbed 
the  pillars  c  rf,  c  rf,  which  roeio 
from  the  base,  f,  and  8up[>ortcd  tho 
round  stage,  ff,  in  wliich  was  a 
large  circular  hole  for  a  spring 
■py^  17^  Dbjc<!t   holder  to   be   fixed,   and 

some  smaller   holes  for  the  re- 
ception of  the  forcepB,  small  condensing  lem«  and  fish-pan. . 
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To  the  inner  tubo,  A,  all  the  optical  apparatus  waa  adaptcil,  the 
nuignilicriS  Crom  four  to  six  in  number,  boing  screwed  to  the 
end  of  the  small  tube,  *,  and  the  eye-piece,  which  consisted  of 
iwo  convex  lenses^  being  fitted  inlu  the  n^Kxlen  tnp  of  the  corn* 
})ounri  body,  h.  A  concave  nilrror,  k,  wad  used  for  reflecting 
tlic  light,  and  a  drawer,  f,  in  the  base,  e,  served  to  contain  aH 
ihe  magnifiers  and  other  ports  of  the  apparatus.  The  onlj^ 
'adjustment  for  focua  with  which  this  microdeo|ic  was  ]tn>- 
vided,  was  that  accomplished  by  eliding  the  tube  h  up  and 
down  in  tlie  outer  tube  a,  the  tube  h  being  marked  with 
linca  at  A,  to  denote  the  distances  through  which  it  should 
be  umved  tor  the  different  magnifying  powers.  Thia  inetni- 
ment  was  subecquenlly  much  improved  tu  sihape,  and.  wafi 
l^amde  cither  of  brais  ur  silver,  and  a  rark  and  pinion  were 
for  the  adjustment.  It  waa  in  great  demand  at  one 
<tiro«,  and,  with  lin  pynimidid  case  and  drawer  with  apparatus, 
may  even  now  be  frequently  seen  ex|i08C<l  for  sale.  Tine 
microscope  waa  styled  the  double  reflecting  one,  and  was  the 
£rBt  instrument  to  which  the  concave  mirror  was  applied  for 
iUuminating  transparent  objects,  the  mode  of  mounting  it 
being  mmilai-  to  that  now  adopted. 

In  tlie  year  1744,  wo  are  told  by  Baker,* — "Tliat  the 
aiicroacopes  of  Hooke  ami  Man^Iiall  having  been  reiluceil  to  a 
TOAnagettble  size,  improved  in   tlicir  structure,  nnd  supplied 

kwith  an  easy  way  of  enlightening  objects  by  a  speculum  unilcr- 
neatli,  and,  ia  many  other  rcjjpects,  rendered  agreeable  to  the 
run'ouiiy  by  Mr.  Culi>ei>er  and  Mr.  Scarlet  Some  furtlior 
IaltoratJuus  were,  however,  wanted  to  make  tliis  instrument  of 
more  general  use,  as  I  ftiUy  experienced  in  1743,  when 
cxauiiniug  daily  the  configurations  of  saUne  substances,  the 
legs  were  continual  inipcilinients  to  my  turning  about  the 
idipe  of  glass,  besides  pulling  the  body  of  the  in!<trunicnt  up 
and  down,  was  likewise  subject  to  jerks,  winch  (!aused  a 
difficulty  in  fixing  it  exactly  at  the  focus:  there  was  al»o  no 
gt>od  contrivance  for  viewing  opaque  objects.  Comphiming 
of  these  inconveniences,  Mr.  Cuff,  the  optician,  applies]  hie 
thoughts  to  fashion  a  microscope  in  another  manner,  leaving 
•  Vol.  il,  Emf liniment  /or  the  Mienitrope,  p.  4'ii. 
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the  stage  entirely  free  and  open  by  taking  away  the 
applying  a  fine  thrended  screw  to  regulate  and  ailjujit  iti 
motions,  and  adding  a  concare  speculum  for  objects  that  are 
opaque.''  This  microscope  was  made  entirely  of  bnus,  and 
woa  fastened  to  the  top  of  a  box,  by  a  acrc^  or  bracket, 
from  which  rose  two  flattened  pillars,  one  having  a  horizontal 
arm,  was  made  to  elide  up  and  down  against  the  other, 
and  carried  the  compound  body,  the  coarse  adjuBtroent  of 
which  wan  eflfected  by  this  movement,  but  the  fine,  by  a 
screw  two  inches  in  length,  fixed  to  the  back  uf  one  of  the 
pillars,  and  when  its  nut  was  secured  by  a  screw,  which 
clamped  the  sliding  pillar,  then  tlie  body  could  be  moved 
slowly  up  and  down.  The  stage,  somewhat  of  the  ahape 
of  a  cross,  had  several  holes  in  it,  for  the  reception  of 
the  condensing  lens,  forceps,  and  fish-pan.  The  lower  part 
uf  tiie  compoimd  \xxly  wa^  cylindrical  for  the  space  of  two 
or  more  inches,  and  marked  with  numbers  corresponding  to 
thuue  of  the  lenses,  ujion  tliia,  a  Liebcrkuhn  with  a  long 
tube  was  made  to  slide,  and  when  set  to  the  Bgurcs  there 
marked,  an  object  placed  on  the  stage  would  be  in  its  focu& 
In  the  year  1747,  Mr.  Cuff  invented  a  micrometer  for  this 
instrument;  it  was  made  of  a  lattice  of  line  silver  wires,  distant 
from  each  other  one-fiftieth  part  of  an  inch,  intensectiiig  at 
right  angles,  and  so  placed  in  the  focus  of  the  eye-glaas,  as  to 
divide  the  whole  visible  area  of  tlie  microscope  into  squarely 
whose  sides  were  each  onc-fillicth  of  an  inch.  The  mlcrosoope 
of  Benjamin  Maitin,  described  in  a  work  published  at  Reading 
in  1746,  was  of  the  compouud  form,  and  adapted  for  being 
carried  in  tlie  pocket ;  it  was  of  a  cylindrical  8hai>e,  like  the 
body  of  Culpeiwr's,  and,  like  it,  the  adjustment  was  made  by 
sliding  one  tube  within  the  other,  the  mirror  was  placed  in 
the  bottom  of  the  tube  in  an  inclined  position,  and  was  not 
capable  of  being  moved.  It  waa  aho  supplied  with  a  screw 
micrometer  of  a  (leculiar  construction,  which  had,  on  the  ontF- 
side  of  the  body,  a  dial-plate  and  hand  resembling  the  face 
of  a  watch.  To  this  ingenious  optician  we  ore  indebted  fot 
the  invention  of  the  hand  magnifier,  with  one  or  more  lenses, 
whicl)  lias  undeigono  little  or  no  change  since  his  time     We 
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are  told  that  Benjamin  IVIartin  greatly  improved  the  micro- 
•oope  of  Cuff  before  deecribcd,  by  the  addition  of  a  joint,  so 
that  the  compouud  body  might  be  inclined  to  any  angle,  and 
abo  by  the  actting  of  all  the  lenaee  in  a  circular  disc  of  brasa^ 
which  waa  capable  of  being  revolved  in  »uch  a  manner,  that 
each  lens  in  succession  might  be  brought  under  the  com- 
pound body;  this  did  away  with  tlie  necessity  of  screwing  and 
unscrewing  when  the  powers  were  required  to  be  changed. 
The  comjiound  body  euuld  be  removed  from  tiie  leni>ea,  and 
the  lenses  themuclves  then  constituted  it  a  single  microscope, 
the  arm  which  8upj>orted  them  wuh  capable  of  being  moved 
backwards  and  forwards  by  mciLns  of  a  rack  and  pinion,  a 
plan  now  in  nse. 

In  the  year  174B,  a  philosophical  instrument  ranlcer  of 
some  eminence,  named  George  Adams,  puhlij^lied  a  tiuarto 
work,  entitled  Micrographia  JUitatrata;  otj  the  KnotcUdffe  of 
the  Microscope  Explained.  In  this  work  were  contained  a 
description  of  tlie  nature,  uses,  and  magnifying  powers  of 
nucroscopes  in  general,  together  with  full  directions  how  to 
prepare,  Apply*  and  examine,  as  well  as  prescr\'C,  all  sorts 
of  minute  objects.  This  work  was  the  first  of  the  kind 
published  in  this  country,  and  contributed  not  a  little  to 
the  advancement  of  microscopic  science.  The  microacopea 
made  by  Adams  were  of  two  kinds,  the  single  and  the 
compound ;  their  clucf  pcculianty  consisted  in  the  arrango- 
ment  of  the  lenses,  which  were  six  in  number,  and  were  all 
set  in  a  large  pktc  of  brass,  capable  of  being  turned  upon 
the  central  pillar  of  the  instrument,  and  each  lens  in  suc- 
cession could  be  brought  \mdcmeath  a  hollowed  plate  or  cup, 
which  served  as  an  eye-piece.  For  the  coarse  adjustment,  the 
plate  was  made  to  slide  up  and  down  the  pillar,  whilst  for 
the  fine  a  screw  was  usefl,  which  slowly  raised  or  depressed 
that  portion  of  the  pillar  to  wliieli  the  stage  was  attached. 
Beeddes  these  mtcroecopes  of  his  own  invention,  we  find  that 
he  was  in  the  habit  oi*  making  those  of  Wilson,  Lieberkuhn, 
and  Culpe|>er,  all  of  which  are  fiilly  described  in  the  work 
above-named. 

We  have  now  entered  on  a  period,  fertile  both  in  alterations 
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vt*  the  microacoi>e,  iiimI  in  <li«<Povcries  maile  by  its  agcnos' ', 
wc  have  amongst  the  former,  Uic  results  of  the  laboi 
of  Ailiims,  Martin,  Raker,  and  Dcllobarre;  and  amoog^tt  tl 
latter,  the  works  of  Trciubley»  lilUia,  Baker,  Atloiud,  Hi 
Swammcrdum,  Ijjonet,  Needham,  and  Withering.  Evci 
opticiau,  siiys  Adams,*  now  cxcrcij^  hi^  talents  lo  iniproi 
(sn  he  called  it)  the  microscope;  in  other  words,  in  varying 
ltd  couBtruction,  and  rendering  it  diiHrrcnt  from  that  eokl  by 
his  neighbour.  The  principal  object  seemed  to  be  only  lo 
subdivide  it  and  make  it  He  in  as  Buull  a  compass  as  po«bIe, 
by  which  means  they  not  only  rendered  it  comjJcx  and 
troublesome  to  niamigc,  but  lost  sight  also  of  tlie  cxten^re 
field,  great  light,  and  otlier  excellent  properties  of  the  morc 
ancient  instruments.  In  1770,  Dr.  Uill  published  a  trentisc, 
entitled  The  Construction  of  Timber  explained  by  the  Aficrth 
scojie,  in  which  not  only  were  tlic  nature  and  office  of  it* 
several  parts  pointed  out,  but  the  way  of  judging  from  the 
structure  the  uses  to  wliich  the  diflcrent  kinds  could  be  be«t 
applied  This  work  created  a  great  sensation  at  the  time,  and 
revived  the  ardimr  for  microscopic  pursuits.  Adams  at 
period  invented  u.  machine  for  cuttitag  transverse  eectiuns 
wood  eo  thin,  that  they  might  readily  be  examined  by  t 
mici"0flC0jMi.  This  iustruuieut  was  subseciueutly  improved  on 
by  Mr,  Ciunming,  and  with  it  very  beautiful  secrions  were 
made  by  Air.  Custance,  some  of  wliicb  stand  unrivalled  even  at 
the  present  day.  In  1771,  a  new  edition  of  the  Microffrtiphta 
lUutttrata  of  Adams  appeared,  in  which  he  described  a  luccnud 
microscope  of  his  own  invention ;  this  was  subsequently  im- 
proved by  his  son,  Ge-orgc  Adams,  in  1774,  and  sei'vcd  to 
exhibit  opaque  as  well  as  transparent  objects.  The  solar 
microscope,  too,  at  this  time  had  been  greatly  improved  by 
Benjamin  Martin,  and  was  mode  capable  of  showing  on 
screen  a  luaguiiied  iutuge  of  the  surfaces  of  opar[uc  objcct& 

In  17H7,  the  Mkroacopical  Essays  of  the  younger  At 
were  pubUshcd,  in  which  were  described  all  the  instrument 
at  tlmt  time  in  use.     Of  the  single  form,  we  have  'Wils<in's,' 
shown  at  iig.  8;  those  uf  KIlis,  ami  Lyonet;  also  tluil  of 

•  Aticrotcajiical  Etaays,  p.  10. 
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Dr.  Withering,  reprctsent*!*!  by  fig.  18,  wliicli  evoil  now  ia 
manufactured  for  sale ;  it  consbt^  of 
three  brum  plates,  a  b  e,  parallel  with 
each  other,  to  the  upper  and  lower 
of  which  three  stout  wires,  d  e  /,  are 
livettcd;  the  middle  pkte,  bj  forming 
the  atoge,  ih  uiaUe  tu  tilide  up  luid 
down  on  these  three  wires.  The  upper 
plute,  a,  carries  the  lens,  i',  the  lower 
one,  c,  the  mirror.  Into  the  Btoge  a 
dissecting  kulfe,  A,  a  pointed  inirtrument, 
/y  and  a  pair  of  forceps,  ff^  ore  mode  to 
fit,  aiul  can  be  readily  taken  out  for 
use  by  ehding  the  stage  doivn  nearly  to 
the  mirror;  this  instrument  was  rccommencd  by  Dr.  Withering, 
and  was  firat  described  in  hia  Botamcal  ArrangementSj  its  chief 
merit  being  its  simplicity. 

The  coiupuuud  microscopes  described  by  Adams,  are  merely 
modiiicntions  of  thai  of  his  father,  of  Culpeper,  of  Cufi^  and 
of  Benjamin  Martin.  The  first,  or  that  of  the  elder  Adams, 
was  improved  by  the  adilition  of  a  rack  ontl  pinion  movement, 
and  by  having  all  the  lenses  set  in  a  bra^s  slider,  so  that  they 
may  be  placed  one  after  the  other  under  tlio  corojiound  body. 
TUc  second,  or  that  of  Culpeper,  was  mode  of  brass,  and  was 
improved  in  its  optical  parL  Cuff's  compound  instrument 
was  much  the  same  as  that  described  at  page  22 ;  wliibt  that 
of  HenJHiiun  Martin  woe  improved  by  Adams  himsell^  and 
vim  made  capable  of  recei^nng  a  single  lens  na  well  as  a  com- 
pound Ixxly,  and  wait  furnished  with  u  cradle  joint,  by  which 
the  compound  body  could  be  inclined  at  any  angle;  the  mirror 
was  double,  both  plane  and  concave;  the  legis  for  convenience 
of  jwckage,  were  made  to  sUde  one  witliin  the  other.  With 
tlic  work  of  Adams,  in  1787,  wc  may  close  our  liistory  of  tlie 
MUglc  and  compound  microscopes  in  their  unachromatised 
state,  tlic  discoveries  at  this  time  were  few  and  cuuiptinitivcly 
unimportant,  and  little  or  nothing  more  was  cxhibiteil  by  them 
than  the  i)bj*N:t»  contained  in  the  ivory  sliders,  with  which  all 
the  above  dcdcribcd  microscopes  were  supplied;  and  he  who 
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could  exhibit  these  objecta  well,  was  conndercd  a  proficient  in 
the  art.  These  iiutnuncnts,  as  described  by  Adams,  without 
any  material  alteration  in  the  optical  port,  continued  in 
use  up  to  the  time  of  the  invention  of  the  achromatic  form, 
in  1824,  but  a  new  and  most  important  aera  in  microecopic 
science  commenced  in  this  country  with  the  improvement 
in  the  reflecting  roicroacope,  conatnicted  by  Amici  in  1815, 
and  witli  the  manufacture  of  lenaea  of  the  precious  Btonoi 
by  Sir  David  Brewster,  Dr.  Goring,  and  Mr.  Pritchud. 
At  this  period  it  will  be  neceeeary  to  divide  our  history  into 
two  parta.  The  first  to  include  the  improvements  made  in 
the  single,  and  the  second  those  in  the  compound  micro- 
scope. In  conecquencc  of  the  great  loss  of  light,  and  the 
presence  of  the  prismatic  halo  enveloping  every  object  seen 
through  the  uncorrected  compound  microscope,  the  eingle 
microeeope  was  generally  used  by  all  scicntiiic  investigators; 
but  when  high  powers  were  wanted,  the  ^ass  of  which 
they  were  made  being  nf  mich  low  refiTictive  power,  it 
became  necessary  to  use  lenses  of  very  short  foci,  these 
were  of  very  small  diameters,  and  allowed  only  a  slight 
amount  of  light  to  enter  the  eye ;  to  remedy  theao  incon- 
venicncee.  Sir  David  Brewster  first  suggested  the  value  of 
using  other  materials  of  a  more  highly  refracting  nature,  for 
the  construction  of  lenses ;  and  he  remarked/  '•  thai  no 
essential  improvement  coidd  be  expected  in  the  single 
microscope,  unless  from  the  discovery  of  some  transjiarent 
substance,  which,  like  the  diamond,  combines  a  high  re- 
fractive with  a  low  dispersive  power.  Ha\'ing  experienced 
the  greatest  diificulty  in  getting  a  small  diamond  cut  into 
a  prism  in  London,  he  did  not  conceive  it  practicable  to 
grind  ami  polisb  a  diamond  lens;  and,  therefore,  he  did  not 
put  his  opinion  to  the  test  of  cx])criment,  but  he  got  two 
lenses,  one  made  of  ruby,  the  other  of  garnet,  which  he  foomt 
to  be  greatly  superior  to  any  lenses  tlmt  had  previously  been 
used/  Dr.  Goring,  in  the  summer  of  1824,  haWng  directed 
tbe  attention  of  Mr.  Pritchard  to  certain  passages  in  Sir 
Da\-id   Brewster's  admirable   TWatine  on  New  fhiiosophica! 

*  Treatite  or  the  Microteope,  p.  13. 
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Tnstrumenti  rcapecting  the  value  of  the  precious  atonce  for 
single  inicroeooj^>e8 ;  and  having  seen  their  full  force,  it  waa 
agreed  that  tliey  should  undertake  to  grind  a  diamond  into 
a  magnifier.  The  first  diamond  operated  on  waB  a  amall 
brilliant,  and  it  waa  proposed  to  give  it  the  curves  that  in 
gla^  would  produce  a  lens  of  a  twentieth  of  an  inch  focua. 
"  This  stone,  when  nearly  finished,"  says  Mr.  Pritchard,  "  fete 
decreed  that  I  should  lose,*  but  having  proved  the  possibility 
of  working  lenses  of  adamant,  I  set  about  another,  and  selected 
a  rose  diamond,  in  order  to  form  a  planoconvex  lens."  After 
great  labour  and  expense,  this  Mr.  PritcJiard  so  far  accom- 
plished, tliat  on  tlie  lat  of  December,  1824,  be  states,  "  he  had 
the  pleasure  of  first  looking  through  a  diamond  microscope." 
Dr.  Goring,  who  tried  its  performance  on  variooa  objects^ 
both  as  a  single  microscope  and  as  an  objective  of  a  com* 
pound,  was  well  satisfied  with  its  auj)criority  over  other  forma 
of  lenses.  But  here  Mr.  Pritchard's  labours  did  not  end,  he 
subsequently  found  that  thi^  stone  had  many  flaws  in  it, 
which  led  him  to  abandon  the  idea  of  finishing  it  Having 
been  prevented  from  resuming  Ids  operations  on  tills  refractory 
material  for  about  a  year,  JSIr.  Pritchard,  in  bis  third  attempt, 
met  with  another  unexpected  defect;  he  foimd  that  some 
lenses,  unlike  the  first,  gave  a  double  or  triple  image,  instead 
of  a  mngle  one,  in  consequence  of  some  of  their  parts  being 
eitlicr  harder  or  softer  than  others.  These  defects  were  after- 
wards found  to  be  due  to  polarisation.  Mr.  Pritchard  having 
learnt  how  to  decide  whether  a  diamond  is  fit  for  a  magnifier 
or  not,  subsequently  succeeded  in  making  two  planoconvex 
leases  of  adamant,  whose  structure  was  quite  perfect  for 
microscojiic  purposes.  "  One  of  these,"  he  tells  us,  "  of  one 
twentietli  of  iin  inch  in  focal  length,  is  now  in  the  possession  of 
his  Grace  the  Duke  of  Buckingham ;  the  other,  of  one-thirtieth 
of  an  ineh  focus,  m  m  his  own  hands." 

"  In  consequence  of  the  high  refracting  power  of  a  diamond 
lens  over  that  of  glass,  a  lens  of  the  former  material  may  be 
at  least  one-third  as  thin  as  that  of  tlie  latter,  and  if  the  focal 

*  IVwe  who  would  wUh  to  enter  more  in  tIcUuI  ioto  thb  matter, 
arc  referred  to  Pritchard's  Microtcopic  CabiiwJ,  p.  108. 
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length  of  both  be  equal,  say,"  eays  Sir  D.  Brewater,*  "  ono- 
cighticth  of  an  inch,  the  luagnlfying  power  of  the  diauionii  leni 
will  be  2133  diameters,  whcrca*  ibiit  of  g!a*«  would  be  oaiy 
800."  Mr.  Pntchanl,  in  later  timea,  sucecodcd,  with  niucli 
Iciw  difficulty,  in  nuikinfy  Ien$C9  of  other  precious  etoncs,  wix., 
the  tmppiiij'Ls  rub^,  and  goniet,  all  tliesc  subetimce^,  although 
coloured  to  n  ccrtiun  extent,  neverthelcas  were  not  unfitted 
for  mngnifying  {x>wcre ;  and  Sir  David  Brewster,  wboee 
aiitliority  is  indisputable  in  thcac  matters,  states:! — **  Thtt 
they  all  exhibit  minute  objects  witli  admirable  accuracy  and 
precision,  and  tliat  the  colour  of  the  garnet,  which  diminiabefl 
witii  ita  thickucMS  dit>appcara  almost  wholly  in  very  minut« 
leneea."  The  durability  of  lenses  made  of  the  diamond  and 
oUicr  precious  stones,  ia,  however,  an  exceedingly  valimblc 
property;  but  the  vnat  expense  incurre<l  in  their  manulacture, 
and  tlic  great  aupcriority  of  tlic  compound  instrument,  a»  now 
constructed,  will  ever  be  a  barrier  to  their  Introduction  Into 
general  use. 

The  microecopc,  with  a  single  lens,  having  been  brought 
to  the  greatest  tttatu  of  [>cnfeL'tion  by  the  labours  of  Sir  David 
Brewster,  Dr.  Goring,  and  Mr.  Pritcbard,  we  must  here  leave 
it,  and  direct  our  attention  to  certain  combinations  of  Icnece 
termed  doublets  and  triplets,  by  means  of  which  uucroecopic 
«cienco  has  been  considerably  advanced,  and,  with  the  ex- 
ception of  the  achrumutic  cumpoimd  micrutjcope,  no  mure 
important  improvement  in  tlie  optical  part  of  t^te  microscope 
has  ever  yet  been  accomplished.  As  long  ago  as  the  year  1 688, 
ft  doublet  was  described  in  the  Iftilosophiral  Traiuiartions^  as 
made  by  Kustacluo  Divim,^  in  which  a  huge  and  llat  field  wad 
obttiined  by  placing  two  planoconvex  lenses  so  as  to  touch 
each  other  in  the  middle  of  their  convex  aurface.  "This 
instrument,"  it  is  there  stated,  "hath  this  petuiliar,  that  it 
rIicws  the  objects  flat  and  nut  crooked,  and  idthough  it  takea 
in  much,  yet  neverthcUss  magnifietli  extniordlnarily.^  In  the 
year  1812,  a  [)eri8copic  doublet  lena  was  proptiscd  by  Dr. 
Wolln«ton,tI   it  was  composed  of  two  planoconvex  lensoe^ 

•  TrrattM  on  the  MicrotCffr,  (i.  'Zl.  1  Op.  Cit.,  \h  24. 

}  Ko.  4a,  p.  H-i-i.  I  PhUo*aph\cui  Ti-uNsactiuna,  1HI2,  [i.  37S. 
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ground  to  the  ennic  radius,  and  applied  by  their  plane  sur- 
fiiccs  to  a  flat  piece  of  metal,  having  an  aperture  of  tlie  aftmo 
dlainctcr  as  would  be  suitable  for  a  lens  of  equal  size, 
but  composed  of  one  piece  of  glass;  and  the  size  of  the 
aperture  wliich,  on  experiment,  woh  found  always  to  ^ve 
the  beet  definition,  was  about  one-fifth  part  of  the  focal 
length  in  diameter.  This  form  of  doublet  was  aubwquently 
improved  on  by  Sir  David  Brewster,  who,  instead  of  using 
tlic  flat  piece  of  metal,  and  two  planoconvex  lenaes,  employed 
two  heraJRpherical  IcnscR,  cemented  to  the  ends  of  a  tul>c  of 
hra&if  and  filled  all  the  iutcrapace  with  a  fluid  of  the  same 
refractive  power  aa  the  glad's.  This  led  Sir  David  to  the  ides, 
of  the  grooved  sphere,  which  is  notliiug  more  tliau  a  sjilierlcal 
lens  ]ta\'ing  a  deep  groove  cut  round  it  in  n  plane  per- 
pendicular to  the  axis  of  \TBion ;  a  plan  analogous  to  that 
of  tlie  Codtlington  lena.  Expcrimenta  on  doublets  were 
now  carried  on  by  Sir  John  Ilcrschcll,  Sir  David  Brewster, 
Mr.  Cod<lington,  and  others,  and  we  have  rarious  forms 
recommended  for  use  by  each  of  these  gentlemen ;  by  tlio 
former  we  have  three,  viz.,  the  periscopic  doublet,  consdstiiig 
of  a  double  convex  lens  of  tlie  best  form,  but  placed  in 
its  worst  position  (radii  as  6  to  1)  for  the  lens  next  the  eye, 
and  a  planoconcave,  whose  focAl  length  is  to  that  of  tlio 
other,  as  2,  6  to  1,  or  OS  13  to  5,  placed  in  contact  with  its 
flatter  surface,  and  having  its  concavity  towards  the  object. 
The  second  consisted  of  the  planoconvex  doublet,  which  ia 
made  with  two  convex  lenses  of  equal  focal  lengths,  the 
convex  sides  being  placed  in  contact,  and  the  eye  and  object 
opposite  the  plane  sides ;  and  the  third,  the  doublet  of  no 
aberration,  consisting  of  a  planoconvex  lens,  and  a  meniscus 
placed  in  such  a  manner,  tlmt  the  convex  aides  of  both 
were  in  contact.  This  latter  form  of  doublet  Sir  John  pro- 
poses as  tlic  best  for  obtaining  perfect  distinctness  in  micro- 
scopical observations,  and  Mr.  Pritchard  states:* — **  That 
doublets  of  tliis  kind  answer  rcnmrkably  well,  but  their  angle 
of  aperture  is  small  as  compiu^d  with  cxtrabinationa  of  double 
ticluiMnatice." 

•  Microteopic  Cabinet,  p.  163, 
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By  iar  the  moet  important  contribntioQ  to  mlcroecc^ical 
ootenoe  at  this  period,  was  the  microBOopic  doublet,  the  in- 
vention of  Dr.  WoUoaton,  it  is  described  in  the  l^iiotopkicai 
T)ran*actioni  for  1829,*  and  tlie  mode  of  illumlnataon  theron 
Teoommended,  gave  to  the  single  microscope  an  importance  and 
degree  of  usefulnei^,  which  it  had  nerer  yet  receiTed  in  this 
or  any  other  country.  The  doublet  of  Wollagton  consisted  of 
two  pUnoconvex  len^eH,  ha\'ing  their  focal  k>ngthi>  in  the  pro- 
portion of  1  to  3,  and  placed  at  such  a  distance  from  each  other, 
aa  woH  ascertained  to  be  bet^t  by  cx[>eriment  It  is  eaid  that 
Ite  wttn  led  to  tliib  invention  by  a  knowledge  of  the  coostmcDon 
of  the  achroiDfltic  Huyghenian  eyc-picce,  which,  if  revenwd, 
WonUl  make  a  microscope ;  but  impaired  health  caoaed  him  to 
conununicate  hia  pajwr  to  the  Koyal  Society  earlier  than  he 
at  first  intended,  and  his  premature  death  deprived  him  of  the 
■atisfactiun  of  ever  witncBsiiig  the  great  improvement  eubse- 
qiicutly  made  in  his  doublet,  by  the  inti'oduction  of  a  stop  or 
diaj^iragm  between  the  two  lensea.  The  microecope  Btand* 
witJi  which  the  doublet  was  used,  was  as  simple  and  as  elegant 
in  its  construction  as  the  doublet  itself;  and  is 
shown  in  section,  by  figure  19,  where  A  B  re- 
presents a  brass  tube,  a1)oiit  six  inches  long  and 
an  inch  or  more  in  diameter,  capable  of  being 
screwed  into  the  cover  of  a  box  or  stand,  by  the 
screw  D.  At  C  a  circular  perforation  is  made  for 
tlic  purpose  of  admitting  the  light  to  the  mirror 
E.  Above  the  mirror  at  F  is  a  diaphragm  or 
stop,  f(ir  cutting  off  the  outer  rays  of  light 
reflected  from  the  mirror.  At  the  upper  end 
of  the  tube  is  a  planoconvex  lens  of  about  three 
quarters  of  an  inch  focal  length,  set  in  a  nactal 
L  J  frame  at  G,  with  its  plane  side  uppermost; 
11  '  its  nse  being  to  bring  the  rays  of  light  to 
a  focus  on  an  object  placed  across  tlie  top  of 
tube  at  P,  whicli  acts  as  a  stage.     At  I  is 

fixed  a  small   rack,  upon  which  on  arm,  H, 

Fig.  19.       carrying  the  doublet,  MNO,  can  be  moved  up 
*  PkiloHtphical  TVtmMcfioM^  1839,  p.  9. 
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or  down  by  the  pinion,  K,  which  is  turned  by  the  milled 
head,  L.  llie  doublet  has  been  before  alluded  to,  it  consiiitA 
of  two  planoconvex  lenses,  eet  each  in  a  separate  cell,  M  N. 
The  cell  carrying  the  upjMir  lens  screwH  into  that  which 
carries  the  lower  lens,  so  that  the  distance  between  the  indi- 
vidual  lenses  may  be  regulated  for  perfect  definition ;  when 
in  use,  the  doublet  is  placed  in  a  hole  in  the  arm  H.  Since 
WoUaston'fl  time,  the  stand  has  been  niucb  improved,  it  has 
been  fitted  up  with  an  adjustable  stage,  and  with  fine  and 
course  udjustuicnts,  and  otlierwise  much  altered  in  appearance; 
but  the  one  we  have  described  is  copied  from  hia  paper  in  the 
PkUoiopiiical  Transaction.  A  modification  of  tlila  form  of 
instrument  is  at  present  in  use,  as  an  ilhiminator  with  many 
microscopes,  botli  simple  and  compound,  and  will  be  again 
referred  to  in  the  chapter  on  "  Illumination  of  Transparent 
Objects."  "With  tlila  mici-oscope,"  Dr.  WoUaston  aays  "that 
he  was  able  to  see  distinctly  tho  finest  markings  upon  the 
scales  of  the  Lejnsma  and  Podura,  and  upon  tliotie  of  the 
gnat's  wing."  The  doublet  itself  is,  at  the  present  time,  much 
employed,  and  b  preferred  by  many  to  the  compound  micro- 
scope for  the  examination  of  such  objects  as  are  perfectly  flat, 
and  by  reason  of  its  portability,  its  value  is  much  enhanced. 
It  is  infinitely  superior  to  a  single  lens,  and  is  capable  of 
transmitting  a  pencil  of  an  angle  of  35"  to  50"  w^ithout  any 
sensible  erron<,  and  exhibits  most  of  the  test  objects  in  a  very 
beautiful  manner. 

The  next  great  improvement  in  the  single  microscope,  and 

the  lost  we  shall  here  notice,  was  effected  by  Mr.  Holland  in 

1832,  and  described  by  him  in  the  forty-ninth  volume  of  the 

lyaTisactiont  of  the  Society  of  Arts.     It  consists,  as  shewn  in 

fig.  20,  of  three  planoconvex  lenses,  abc^  tlie 

first  two,  a  b,  being  placed  close  togetlier,  and 

the  diaphragm  or  stop  between  them  and  the 

'^  third  lens,  c.     "  The  fir?t  bending,"  says  Mr. 

Ross,"  "  being  efiected  by  two  lenses  instead 

^'  of  one,  is  accompanied  by  smaller  alierrationa, 

wluoh  are,  therefore,  more  completely  balanced  or  corrected  at 

*  Penny  Cydopgdia,  Art.,  Microscope. 
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the  second  bending,  lu  the  opposite  direction,  by  the  third 
lenB."  Thie  coinbinatjcm,  tiiough  called  by  Mr.  Holland  ft 
triplet,  13  ee*ontiaIIy  a  doublet,  in  which  the  anterior  Jens  h 
divided  into  two,  luid  i^  cnpable  of  transmitting  a  ]>cucil  of 
65*.  Here  we  must  take  our  leave  of  the  hiatory  of  the  single 
inicroAco^ie,  and  commence  that  of  the  achromatic  cooipoond 
iniitnimcnt. 

Not  \vith8tanding  tJie  great  improvements  which  had  taken 
place  in  the  coniponml  microscope  dming  a  period  of  nearlT 
two  ccntm'ics,  we  find,  says  Mr.  Ko&s*  tlmt  it  wae  "  a  com- 
paratively feeble  and  inefficient  instrument,  owing  to  the 
increase  in  the  chruniatic  and  spherical  abcnmtions  occasioDed 
by  the  great  distance  tlirough  wltich  the  light  had  to  pus. 
The  image  formed  by  the  object-glass  \raB  not  a  nmple  one, 
but  nuide  tip  of  an  infinite  number  uf  variously  colourc<I  and 
variously  sized  images.  Those  nearest  the  objcct-glaas  would 
be  blue,  and  thiwe  nearest  tlie  cye-ghu<s  would  be  red.  The 
effect  of  this  being  the  production  of  so  much  confusion,  tliat 
the  instrument  w:is  reduced  to  a  mere  toy,  although  tlicsc 
errura  were  diminished  to  tlie  utinrist  possible  extent  by 
limiting  the  aperture  of  the  objcct-gliiiw,  and  thus  restricting 
the  angle  of  the  pencil  of  light  from  each  pi)int  of  tlie  object. 
But  tliia  proceeding  made  the  picture  m  obscure,  that,  on  the 
whole,  the  best  compound  instruments  were  inicrior  to  the 
simple  microscopes  having  a  single  lens,  with  which,  indeed, 
alnio«t  all  the  mure  inijiortant  observations  of  the  preceding 
century  were  made."  The  compound  microscope,  in  its 
chromatic  condition,  liaving  been  found  to  be  incapable  of 
further  advancing  in  a  right  way  scientific  research,  ninny 
artists  of  eminence  applied  themselves  to  the  work  of  im- 
provement; we  arc  told  that  achrtmiatism  Iiad  been  discovered 
in  1729  by  a  private  gentleman  in  Essex,  named  Chester 
More  Hall,  who,  in  1733,  constructed  and  apidied  to  a  teles- 
cope an  achromatic  object-glass,  haxing  been  led  to  its  dis- 
covery by  the  study  of  the  human  eye,  and  by  finding  that 
two  kinds  of  glasses  combined,  refracted  light  without  dccom-^ 
posing  it.  Two  of  his  achromatic  telescopes  were  for  a  long 
•  Op.  at.,  p.  6. 
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time  in  the  liawl:)  of  perewus  who  were  not  aware  af  tlieir  lull 
value,  and  Mr.  Hall  himself  paid  the  debt  of  nature  without 
revealing  the  secret  of  their  coiwtruetiou. 

In  1747,  we  are  told  that  Kuler  suggested  the  construction 
of  achromatic  ohject  glasses,  a  prohleni  which  for  a  long 
time  agitated  the  learned  in  England,  Holland,  Italy,  and 
France;  and  in  1774  he  proposed  the  application  of  an 
achromatic  comhination  for  the  ohject  glasses  of  micro- 
scopeft.  Our  countryman,  Dollond,  '*  on  the  faith  of  Sir 
Isaac  Newton's  conclusions,  zealously  denied  the  poesibility 
of  doing  what  Elder  proposed,  but,  nevertlieless,  commenced 
a  series  of  experiments,  beginning  with  that  which  had  letl 
Sir  Isaac  Newton  to  liis  imfavourable  opinions,  and  which 
ended  in  accomplishing  all  that  Euler  had  declared  and 
Newton  had  hoped  to  be  possible.  The.w  exjieriraents,  wluch 
included  the  spherical  as  well  as  the  chromatic  correction, 
were  completed  in  the  year  1757,  and  the  glory  of  achie\-ing 
this  moat  valuable  result  is  in  no  respect  lessenwl  by  the  fact, 
of  which  there  is  now  no  doubt,  that  a  chromatic  correction 
had  been,  to  some  extent,  produced  in  the  year  1733,  by  Mr. 
Chester  More  Hall."*  Although  Dollond  constnieted  many 
achromatic  telescopes,  he  did  not  apply  the  same  principle  to 
microscopes ;  but  those  which  he  sold  were  only  modifications 
of  the  compound  instrument  of  Cuff".  Che\'alier  tells  usf 
that  there  exists  a  very  ran*  work,  published  at  St.  retereburg 
in  1774,  under  the  following  title: — DrtaiM  instrttction  far 
earryin^  hnsrn  of  all  diffhrtnt  kinds  to  a  ffrratrr  degree  of  per- 
fection, with  the  description  of  a  microscojye  trbirh  may  poM  for 
the  most  perfect  of  its.  kimi,  taken  from  tlw  dioptric  theory  of 
T-eonard  Euler,  and  made  comprehensible  to  tcorhmen  hi/  Nicholas 
J'^uss.  It  contains  a  description  of  the  object-glass  of  the 
micPOBCope,  of  which  the  following  is  the  substance: — ^"The 
object-glass  ^^ilI  be  composed  of  three  glasses ;  the  first  and 
third  of  which  will  be  of  crown-glass,  and  the  second  of  flint. 
The  focal  distance  will  bo  half-an-inch,  and  the  apertm^;  of 
Praetifnl    UhatratioTUt    of  the    AeArtnttatte    Teleteope. 


*  A.  Row. 
PutU  p.  II- 
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the  lens  one-eighth  of  an  inch.  The  least  thickness  poseible 
ahotild  be  given  to  the  glass  com|>oaing  the  lena;  the  two 
lenses  of  crown  glaiw  will  be  bi-convcx,  and  the  middle  ooe 
bi-concavc,  &C,*'  Thia  glass,  however,  appears  never  to  haj 
been  executed. 

In  1784,  ^pinns  made  many  fruitloae  triale  to  achromai 
the  nucroecope,  and,  although  he  wiw  successftd  to  a  certain 
extent  in  destroying  colour,  he  diminished  rather  tbao  in* 
CKoacd  the  niagoifying  power  of  the  inatnunent,  and  he  made 
it,  flays  Adaiiw,  "  rather  more  like  a  microscopic  telescope  than 
a  mioroscopc-"  A  blank  now  occurs  in  the  pages  of  nucn>- 
Bcupic  liistory,  from  1784  until  18W,  and  the  microscopes 
in  use  in  those  days  wore  more  remarkable  for  the  iraprove- 
sncnt  in  the  mechanical  coustructioD  of  their  stages  and 
adjufitmentB,  than  for  that  of  the  optical  part ;  "  and  at 
this  period,"  says  Chevalier,  "it  is  to  be  remarked,  with  a 
sentiment  of  regret,  that  England  w:is  more  laborious  tlian 
France,  and  appeared  to  have  tlic  monopoly  of  the  manufae- 
ture  of  tlie  heat  inatnimente."* 

From  the  year  1800  to  1810,  wo  are  told  by  Chevalier  that 
experiments  were  carried  on  by  M-  Charles,  of  the  Institute, 
to  acliromatize  small  lenses ;  b\it  the  numerous  impcrA^ctiona 
of  these  lenses  were  sucli^  as  to  render  their  application  to  the 
microscope  completely  iniposaible,  as  they  were  not  eo  ar- 
ranged as  to  be  cemented  or  superposed,  and  their  centering 
and  curves,  so  tiill  of  imperfections,  rendered  them  unfit  for 
microscopic  purposes. 

In  the  year  1812,  a  very  simple  method  was  employed  by 
Sir  David  Brewsterf  to  render  both  simple  and  compound 
microscopes  achromatic,  which  was  as  follows: — Starting  with 
the  principle  that  all  objects,  however  delicate,  are  best  seen 
when  immersed  in  fluid,  he  placed  an  object  on  a  piece  of 
glass,  and  put  above  it  a  drop  of  some  kind  of  oil,  having  a 
greater  di8[>ersive  power  tlian  the  single  or  concave  lens, 
forming  the  object-glass  of  the  microscope.  The  lena  was 
then  made  to  touch  tlie  fluid,  so  that  tlie  surface  of  the 
•  Op.  Cit.  p.  as. 
t  Treatw  urn  (Ac  Mtcrotcope,  p.  73,  et  teq. 


i 
I 


TBTE  MICEOflCOPE, 


35 


I 


fluid  was,  03  it  were,  formed  into  a  concave  lena,  and  if  the 
radius  of  the  outward  surfaco  were  Btich  as  to  correct  the  dis- 
penuon,  we  should  have  a  perfect  achromatic  microscope,  both 
simple  and  compound.  This  methotl,  however  ingenious,  was 
attended  with  considerable  inconvenience,  and  our  eminent 
and  time-honoured  philosopher  was  led  to  the  conatrnction  of 
a  permanent  achromatic  objcct^laas,  by  placing  some  butter 
of  antimony  between  a  meniscus  and  a  planoconvci  lens  of 
crown-glass ;  the  antimony  was  retained  between  the  glaasea 
by  oapilhixy  attraction,  and  could  be  removed  as  often  as  its 
properties  were  deranged. 

About  this  period,  1812,  we  find  that  nim:icrous  cxpcri* 
ments  were  carried  on  by  Professor  Amici,  of  Modena,  to 
improve  the  achromatic  object-glass,  and  during  his  investiga- 
tions he  invented  a.  reflecting  microscope,  fiir  superior  to 
those  of  Newton,  Boker^  or  Smith,  which  had  been  made  as 
early  as  the  year  1738,  and  had  been  abandoned  for  many 
years;  this  invention  so  far  excelled  any  microscope  pre- 
viously made,  tliat  Amici  was  induced,  iu  1815,  to  lay  aside 
his  experiments  on  the  refracting  instrument  for  a  con- 
siderable period.  An  account  of  tliis  microscope  ha\iiig  soon 
reaclieil  England,  Dr.  Goring,  in  1824,  with  the  a^idii^tance  of 
Mr.  Cuthbert,  succeeded  in  greatly  improving  it>  and  for  a 
few  yeare  it  was  the  most  perfect  form  of  microscope 
manufactured  in  this  country ;  but,  owing  to  the  difficulty 
in  construcUng  the  reflectors,  and  the  great  trouble  in  ma- 
naging them,  this  instrument,  like  the  reflecting  telescope, 
fell  into  disujse,  and  even  Amici  himself  entirely  abandoned 
it,  and  returned  to  his  former  experiments  on  the  refracting 
achromatic  object-glasses. 

In  the  year  1815,  Fraucnhofer,  a  celebrated  optician  of 
Municli,  constructctl  object-glasses  for  the  microscope  of  a 
single  aelm>matic  leus,  iu  wliich  the  two  gksacs,  although  in 
juxta  position,  were  not  cemented  togetlier,  these  glasses  were 
very  thick  and  of  long  focus ;  but  although  such  considerable 
improvements  had  been  made  in  the  telescopic  nchromntic 
object-glass  since  its  first  discovery  by  Euler  in  1776,  we  find 
(hot  even  at  so  late  a  period  as  1821,  M.  Biot  wrote,  "  that 
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opticianB  regarded  aa  inipoftiiblc  the  conetruction  of  «  good 
achromatic  microecope."  Dr.  Wollaston,  too,  waa  of  the 
Bamc  opinion  tliat  the  compound  would  never  HveI  the  ample 
microscope. 

In  the  year  1823  experiment«  were  commenced  in  France 
by  M.  Solligues,  wliicli  were  foUowed  up  by  Fruuenhofcr,  tn 
Muoich,  by  Ainici,  in  Modcna,  by  M.  Chevalier,  in  Paris 
and  by  the  late  Dr.  Goring  and  Mr.  TuUcy,  in  London.  To 
XI.  SclUgucs  we  arc  indebted  for  the  first  plan  of  making  an 
object-glaftfl  composed  of  four  achromatic  compound  lenses, 
each  consisting  of  two  lenses.  The  focal  length  of  each 
object-glass  was  eigliteen  lines,  ite  diameter  six  lines,  and  it» 
thicknesa  in  the  centre  six  Unes,  the  aperture  only  one  line- 
Thcy  could  be  used  combined  or  separate.  A  microsa^Ky 
constructed  on  this  principle  by  XL  Chevalier,  was  presented 
by  M.  Selligucf  to  the  Academic  des  Sciences,  on  tlie  5th  of 
April,  1824.  In  the  same  year,  and  without  a  knowledge  of 
what  had  been  done  on  the  Continent,  the  late  Mr.  Tullcvt 
at  the  inst4gntion  of  Dr.  Goring,  constructed  an  achromatic 
object-glass  for  a  comi>ound  microscope  of  one-third  of  an 
inch,  focal  len^rth,  compo«wd  of  three  lenses,  and  transmitting 
a  pencil  of  eighteen  degrees:  this  was  tlic  first  that  had  been 
made  in  EngliunJ,  and  it  is  due  to  Mr.  Tulley  to  Bay,  that  as 
regards  accurate  correction  thi-oughout  tlic  field,  that  glass 
has  not  been  excelled  by  any  subst^quent  combination  of  throe 
single  lenses.  Mr.  Tulley  nftoi"warda  made  a  combination  to 
be  placed  in  front  of  the  first  mentioned,  which  increased  tiie 
angle  of  the  trant<niittcd  |>cnoil  to  thirty-eight  dcgreeB,  and 
bore  a  power  of  three  hundred  diamctcn!.  Mr.  Lister,  who 
was  engaged  with  Mr.  Tulley  in  perfecting  the  achro- 
nmtic  objccl-glHi«3,  finding  that  all  the  mirroerope  stands 
hitherto  m.'ulc  were  not  sufficiently  steady  for  the  use  of  high 
powers,  directed  his  attention  to  the  improvement  of  this  part 
of  the  instrument ;  and,  in  order  to  carry  out  his  views,  he 
employed  Mr.  James  Smith,  now  one  of  our  first  opticians,  to 
execute  a  stand  on  the  plan  represented  by  fig.  21.  This 
instrument  was  finished  by  Mr.  Smith,  on  the  30th  of  May, 
1826,  and  was  tlic  first  of  tlic  kind  constructed  in  tins  country 
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one  witliin  llie  other,  for  convenience  of  packnge ;  from  theee 
a  short  but  etout  pillar  rose,  liaving  at  its  upper  part  a  cradle 
joint,  to  wlileh  was  attached  tlic  stage,  i,  and  the  arm,  a, 
supporting  the  compound  body,  b,  consisting  of  three 
tubca,  ouc  witiiiu  the  other.  Into  tJic  inner  tube,  t,  culled 
the  draw  tulw,  the  eye-piece,  k,  was  screwed ;  tliia  tube 
waa  cai)ablc  of  being  drawn  out  from  the  middle  one  for  the 
space  of  four  or  Hve  lUcbcB,  and  had  engraved  on  it  a  fica1«  of 
inchce  and  parts,  and  to  its  lower  end  an  erecting  glase  could 
be  ailapted.  To  the  luiddlo  tube  was  attached  a  rack,  which, 
with  its  tube,  was  moved  by  a  pinion  connected  with  the 


milled  hcatl,  g^  this  formed  the  coan%  adjuatmonc,  the  lower 
end  of  this  tube,  f,  waa  corneal^  and  to  it  t}ie  object-^iasBea,^ 
were  screwed.     The  third  or  outer  tube  was  firmly  fixed  t* 
ibe  iinii,  ft,  by  a  curved  plate  of  braae  aiid  by  tlie  ecrew,  eA 
When  the  compound  body  was  placed  in  the  inclined  poeitioiv| 
as  repre»ente*l  by  the  figure,  the  tubulur  mils,  d  d,  were  Tuedj 
to  steady  it,  the  nuts,  r/</,  serving  to  tix  ihem  when  the  i>ropef' 
in<:lination  Iiad  been  obtained;  these  rods  were  attached  to  the 
two  liimUuost  feet,    "WTien  the  draw  tube  was  in  use,  it  oould 
bu  fixed  by  the  moveable  band  eurrounding  tlic  body,  and 
having  a  clamping  screw,/   To  the  stage,  x,  wa»  attached  the 
tube,  »,  tor  carrying  the  mirror,  o,  and  the  ring,  />,  fur  holding 
the  forceps,  the  condenser,  and  other  things.    The  stage  W"*^J 
moved  firom  ude  to  side  by  the  milled  head,  ?»',  and  up  aod^H 
<lown  by  that  at  m.     A  condensing  Icna,  y,  was  attarhetl  ^* 
by  a  nioveuble  arm  tu  tlic  ring,  p.     Tliis  form  of  iniitniment 
was  adopted  by  the  Tulleys  (father  and  son),  and  by  these 
eminent  opticians  Bome  of  the  first  inieroscopiHta  of  tJie  day 
were  supplied  with  it,  amongst  whom  the  names  of  Air. 
Lister,   the    late   Mr.    Loddigen,   and    Mr.   Bowerbunk  re- 
quire  especial    notice,   as    these   gentlemen   arc   intimately 
Bssoetatcd   with    tlie    rise   of   microecopio    science    in    thisj 
metropolis.  \ 

"Wliile  these  experiments  were  in  prc^ess.  Dr.  Goring  is 
said*  tu  have  dtscovereil  that  the  structure  of  certain  bodies 
could  be  readily  seen  in  some  microscopes  and  not  in  others. 
These  bo<lies  he  named  test  objects,  he  tlicn  examined  these 
testa  with  tlie  acliToniatic  combi nation  before  noticed,  and  was 
led  to  the  discovery  of  the  tact  that  "  the  penetrating  power  of 
the  microscope  depends  upon  its  angle  of  aperture." 

On  the  30th  of  March,  182.5,  M.  Chevalier  presented  to 
the  Society  of  Encoumgemcut  an  achruumtie  lens  of  four 
lines  focus,  two  lines  in  diameter,  and  one  line  in  thiekneas  in 
the  centre:  this  lend  wa^  greatly  superior  to  the  one  before 
noticed,  which  tiad  been  made  by  him  for  M.  Selliguefl. 

In  1826,  Professor  Amici,  who,  from  the  year  1815  to 
IS24,   liad   abandoned    his  experiments  on   the   achromatic 
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object-glase,  wjis  induced,  aftur  the  reiwrt  uf  Fresnel  to  tlie 
Academy  of  Sciences,  to  resume  them,  aud  in  1827  he  brought 
to  this  country  and  to  Paris  a  horizoiilal  microscope,  in  wliich 
the  object-glass  was  composed  of  three  leiiaea  superposed,  each 
having  a  focua  of  mx  lines  and  a  large  apertm-e.  Thia  iiiicro- 
aoope  had  alao  extra  cye-picces,  by  which  the  magnifying 
power  could  be  incrcasctL  A  microecopo  constructed  on 
Amici's  plan,  by  ChcTulicr,  during  the  etay  of  that  philo- 
sopher in  Parii},  woa  exhibited  at  the  Louvre,  and  a  tiilver 
medal  was  awarded  to  itH  maker. 

"  ^VTiiUt  these  practical  investigations  were  in  progress," 
eaya  Mr.  Ross,*  "  the  subject  of  achronmtium  engaged  tlic 
attention  of  some  of  the  most  profound  mathematicians  in 
Kngland."  Sir  John  Herschell,  Profcasora  Airy  and  Barlow, 
Mr.  Coddington,  and  others,  contributed  largely  to  the  theo- 
retical examination  of  the  subject*  and,  tliough  the  resultii  of 
their  labours  were  not  immediately  applicable  to  the  micro- 
scope, tliey  essentially  promoted  its  Improvement. 

For  eeveral  years  prior  to  1829,  the  subject  had  occupied 
the  mind  of  a  gentleman  who,  not  entirely  practical  like  the 
first,  nor  purely  mathematical  like  the  last-meutioued  class  of 
otnerrers,  waa  letl  to  the  discovery  of  certain  properties  in  an 
achromatic  combination,  which  had  been  before  unobserved. 
These  were  afterwards  experimentally  verified ;  and  in  the 
year  1829,  a  paper  on  the  subject,  by  the  discoverer,  Joseph 
Jackson  Lister,  Ewp,  waa  read  to  and  published  by  the  Koyal 
Society.  The  principles  and  results  thus  obtained  enabled 
Mr.  Lister  to  form  a  combination  of  lenses,  capable  of  trans- 
mitting a  pencil  of  fifty  degrees  with  a  large  field  correct  in 
every  port.  Tliis  jMiper,  winch  was  tlie  ground-work  of  all 
Uic  great  improvements  that  have  been  effected  in  this 
country  in  the  aclu'oniatic  object-glasses,  has  tended  to  raise 
the  comjMund  microscope  from  its  primitive  and  almost  useless 
condition  to  that  of  being  the  most  imjKirtant  instrument  ever 
yet  bestowed  by  art  upon  the  investigator  of  nature,  and  has 
gained  for  the  discoverer  a  lasting  reputation.  As  tlie  results 
acrivod  at  by  Mr.  Lister  arc  indispensable  to  all  who  would 
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make  or  understand  the  iostruiucutf  I  would  refer  them  tc 
tlie  impvr  iUclf,  which  in  contained  in  the  12Idt  Toltime  of 
the  l*!iHosopktcal  Trajisactions.  From  this  diacoyery  of  Mr. 
Li^terV,  in  1829,  we  may  fairly  date  the  riac  and  continiMtd 
progress  towards  perfection  of  the  achromatic  compound 
miorOACopc  in  Kngland,  and  all  cultivator  of  natural  edence» 
aa  well  ob  the  makers  of  the  instruments  themselTCfl,  are 
lai^ely  indebted  to  Mr.  Liater  for  publishing  to  thu  world  the 
valuable  results  of  those  labours,  which  certainly  have  formed 
tlie  groundwork  of  the  pUn  on  which  all  our  first-rate  opti- 
cians now  work^  for  whose  success  he  has  always  mo«t 
zealously  exerted  liimself,  even  to  tlie  examination^  from  time 
to  time,  of  their  wonderful  productions ;  and  it  is  but  commOD 
jueticu  here  to  state,  that  we  have  now  in  this  metropolis 
three  most  eminent  manufacturers  of  tlie  compound  achromatic 
microscope,  viz.,  Messrs.  Powell,  Hoea,  and  Smith,  whose 
instruments  are  wilJiout  Qi^nvX  in  tliis  or  any  other  country. 
On  consulting  the  dates  at  which  these  opticians  rcsftectively 
commenced  tlie  luimufaeture  of  acliromattc  object-glasses,  we 
find  that  as  early  as  March,  1831,  Mr.  Andrew  Rti**  had 
completed  for  Mr.  Wm.  Valentine  a  dissecting  microscojw 
on  on  entirely  new  plan,  being  provided  with  coarse  and 
fine  adjustments,  stage  movements,  and  a  WoUaston  con- 
denser. This  instrument,  first  described  in  tlie  forty-eighth 
volume  of  the  Transactions  of  the  Society  of  Arts,  will  be 
more  fidly  mentioned  in  the  chapter  devoted  to  the  simple 
microscope ;  although  generally  einploye<l  for  dissecting,  it 
wae  uuvcrthelcss  made  capable  of  receiving  a  compound  body. 
The  first  micro^o[w  of  this  kind  made  by  Air.  Koss  is  now 
in  the  possession  of  R.  II.  Solly,  Esq.,  for  which,  in  1832, 
Mr.  Koss  was  also  employed  to  construct  a  triple  object-^ass, 
he,  preWous  to  the  year  1831,  having  made  lenses  of  the 
precious  stones,  and  acquired  a  knowledge  of  achromatism  by 
being  connected  witli  Professor  Barlow,  during  the  con- 
struction of  his  Hui<l  object^lass,  and  also  in  the  arrangement 
of  his  formula  for  computiug  the  radii  of  curvature  of  an 
achromatic  one.  Since  the  |>criod  alwve  mentioned,  Kir.  Roea 
has  been  constantly  and  actively  employed  in  bringing  these 
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instrumcntd  to  perfection,  aiid  during  the  niauulacture  of  the 
ubject-gloBseg,  he  eflfected  a  most  important  improTement  in 
their  constructioa,  which  he  thua  describes:* — "Having 
applied  IVtr.  Lister'a  principles  with  a  degree  of  micceaa  never 
antioiputed,  so  perfect  were  tlie  corrections  given  to  the 
achromatic  objcct-gIa«tf,  so  completely  were  tlie  errors  of 
ephericity  and  dispersion  balanced  or  destroyed,  that  the  cir- 
cuiutitauce  of  covering  the  object  witli  a  plate  of  tlie  thinnest 
glass  or  talc  disturbed  the  corrections,  if  they  had  been 
adapted  to  an  uncovered  object,  and  rendered  an  object-glass 
which  was  perfect  under  one  condition  sensibly  defective 
under  tlie  otlier."  This  defect,  if  that  be  called  a  defect 
which  arose  out  of  an  improvement,  he  (IVlr.  Ross)  Brat 
detected,  and  immediately  suggested  the  means  of  correcting, 
and  in  1837  commuuiciitcd  liis  discovery  to  the  Society  of 
Arts,  in  a  paper  published  in  the  fifty-first  volume  of  thdr 
Transactions,  to  wliich  pft|)er  the  author  would  refer  those  of 
his  readers  who  would  wish  to  enter  more  fully  into  the 
subject ;  the  desired  object  being  etfectcd  by  separating  the 
anterior  lens  in  the  combination  from  the  other  two;  and 

figure  22,  which  is  a  section 
of  an  achromatic  object- 
gljiw,  will  explain  how  the 
principles  established  by 
Mr.  Ross  were  put  into 
practice.  A  represents  a 
tube,  in  the  end  of  which 
the  anterior  lens  is  set ;  thia 
slides  on  tlic  cylinder,  B, 
containing  the  remainder  of 
the  combination ;  the  tube, 
A,  holding  the  lens  nearest 
the  object,  may  then  bo 
moved  upon  the  cylinder,  B, 
for  tlie  purpose  of  varying 
the  distance,  according  to 
the  thickness  of  tlie  gluse  covering  the  object,  by  turning  the 
"  Op;  Ctf.  p.  a. 


screwed  ring,  C,  or  more  «mp1y  by  eliding  the  one  on  tlie 
other,  and  clamping  them  together.  "NVTien  adjusted,  an 
aperture  is  made  in  the  tube.  A,  within  which  is  aeen  a  mark 
engraved  on  the  cylinder^  and  on  the  edge  of  which  are  two 
mark:^  a  longer  and  a  shorter,  engraved  nimn  the  tube ;  when 
tlie  mark  un  tlie  cyliud(;r  coincides  vviUi  the  longer  luark  on 
the  tube,  the  adjustment  is  perfect  for  oo  uncovered  object, 
and  when  the  coincidence  is  with  the  short  mark,  the  proper 
distance  i&  obtained  to  balance  Uie  aberrationa  produced  hy 
gla^  one-hundredth  of  an  inch  tluck,  and  such  glaae  can 
readily  be  obtained.  Wlien  Mr.  Rose  6r3t  effected  tliis  im- 
provement, he  made  tlie  adjustment  by  sliding  the  outer  tube, 
A,  upon  the  cylinder,  B ;  but  Mr.  Powell,  we  are  told,  was 
tlie  first  to  apply  the  «Tew  collar,  C,  by  which  the  correction 
can  be  performed  with  greater  nicety,  and  Mr.  Smith  aftcr- 
wardis  as  a  refinement,  added  a  graduation  to  it  l^lr.  Roes, 
however,  has  found  timt  for  the  adjustment  to  be  perfectly 
correct,  it  must  he  teste*!  experimentally. 

The  method  of  using  tliia  improved  aclwomatlc  objcct^Iass 
will  l>c  again  alluded  to  in  the  chapter  devoted  to  the  com- 
pound microscoi>c.  From  the  pp<:Mliar  omBtruction  of  Mr. 
Ross's  liigher  powers,  he  is  enabled  to  transmit  extniordintirily 
large  angular  pencils  of  light:  on  several  occasions  be  has 
obtained  the  enormous  aperture  of  135  . 

Mr.  Powell,  in  early  life,  was  engaged  in  the  manufacture 
of  philosophical  instruments,  but  not  of  microscopes;' and  it 
was  only  in  tlie  year  1834  that  he  devoted  bis  attention  to  the 
last  mentioned  instruments.  In  the  same  year,  wc  find  a  con- 
tribution of  Ills  to  the  fiftieth  volume  of  the  Transactions  nf 
thf  fiociehf  of  Arts,  cntitlwl,  **  On  a  fine  adjustment  for  the 
Stage  of  a  Microscope.*'  This  ingcaiouB  contrivance  was 
applicable  to  any  instrument,  hut  Mr.  Powell  used  it  with  the 
adjustable  Htagc  made  by  Mr.  Turrell,  and  deseribetl  by  him 
m  the  forty-ninth  volume  of  the  same  transactions.  The 
slow  movement  was  obtained  by  making  the  stage  stand  on 
three  feet,  under  which  three  inclined  planes  were  moved 
■iinultancously  by  on«  si-rcw,  a  tdnglc  turn  of  wliich  raised  or 
lowered  Uic  stage  only  the  threo-hundredtli  part,  of  an  inch. 


THB  MICROSCOPE. 


^ 


and  twenty  divieions  raarkc«l  on  the  screw-head  gave  mca- 
riurea  of  tiie  one  six-tJiuuHandth  part  of  an  inch,  and  hence  ita 
uae  as  a  micrometer  aa  we))  n^  a  fine  adjustment  In  the 
year  1841,  Mr.  Powell  made  another  comraunication  to  the 
XraHsactiotis  of  the  same  society,  "  On  a  new  way  of  mounting 
the  coni]iound  body  of  a  microacojie,"  a  plan  which  will  be 
iigain  alluded  to  under  the  head  Compound  Microscope;  and 
in  the  year  1 B40,  he  auceccded  in  making  an  achromati<;  object- 
glan  of  one-sixteenth  of  an  inch  in  focal  lei>gth,  the  first  tliat 
had  been  seen  in  tliia  country;  it  is  in  itself  a  wonderful 
pro<luction,  both  for  delicacy  of  workmanglijp  and  correctneae 
of  definiuon.  About  this  period,  his  brother-in-law,  Mr. 
P.  H.  Leoland,  who  hod  for  some  time  assisted  him  in  the 
manufacture  of  object-glasses,  became  a  partner  with  Mr. 
PowcU,  and  from  tliat  time  up  to  the  present,  thcw  opticians 
have  given  t)icir  undivided  attendon  to  the  manufacturing,  as 
well  as  to  the  improving  and  perfecting,  the  optical  and 
mechanical  parts  of  the  achnimatic  compound  microscope. 

Air.  Smith,  who  hatl  been  for  many  years  engaged  in  the 
manufacture  of  microscopes  of  all  the  ordinary  kinds,  was  in 
1826  employed  by  Mr.  Lister  to  construct  the  instrument 
represented  by  £g.  21;  but  he  did  not  turn  his  attention  to 
those  of  the  achromatic  form  on  his  own  accoimt  until  1839» 
at  which  time  he  likewise  made  obji-ct-g lasses  on  Mr.  Lister's 
principles;  these,  which  are  of  large  aperture,  were  at  first 
constructed  on  a  p)an  rather  dificront  from  those  of  Mcsara. 
PoweU  and  Koss,  the  lowei*t  amplifioation  was  produce<l  by  a 
single  achromatic  lens,  and  to  increase  the  magnifying  power, 
anotlier,  or,  for  a  still  liigher,  a  combination  of  two,  was  sUd 
over  the  Brst.  Tliis  plan  was  adopted  with  the  object  of 
furnishing  the  glasses  at  a  clieaper  rate,  but  more  recently 
Hewm.  Smith  and  Beck  make  each  power  a  separate  com- 
poond  glass,  like  the  others. 

In  the  year  1841,  Mr.  Smith  was  applied  to  by  the  coimcil 
of  the  Microscopical  Society  to  furnish  them  with  one  of  his 
newly  constructed  achromatic  compound  microst^opes,  and  on 
the  24th  of  November  in  the  same  year,  the  instrument,  «f 
which  A  Bgurc  is  given  in  the  second  volume  of  the  Micro- 
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acopic  Joumaly  wae  delivered  to  the  eodety.  Thia  microaoopa 
had  tiie  compound  body  mounted  so  as  to  eUde  In  tiie  groove  oft 
strong  bell-metal  arm,  the  contrivance  of  Mr.  Geor^  Jackaon,* 
plan  now  adopted  by  Mr.  Smith  in  all  his  large  instrumcntd;  the 
object-gloeseB  were  four  in  number,  the  highest  being  the 
fourth  of  an  inch,  which,  with  the  deepest  eyo-piece,  wma 
capable  of  nullifying  800  diameters.  During  the  last  nine 
years,  Mr.  Smith  has  made  many  and  rapid  advances  in  the 
manufacture  of  microscopes,  and,  in  coujunction  with  his 
partner,  Mr.  Heck,  ha«  encceBsfiilly  endeavoured  to  reduce 
the  cost  of  his  iustrimicnts  by  simplifying  the  form  of  standi 
by  which  they  are  brought  more  within  the  compaae  of  tfaoae 
whose  uienns  are  limite<L 

Amongst  those  in  this  country  by  whose  agency  the  micro- 
scope  has  been  much  improved,  may  be  mentioned  the  namea 
of  JMr.  Varley  and  Mr.  Pritchard,  both  of  whom  are  well 
known  to  the  8cienti6c  world  by  their  valuable  publications. 
To  Mr.  Varley,  in  1831,  we  are  indebted,  first,  for  a  micro- 
scope witli  a  lever  stage  movement,  for  following  animalcules, 
together  with  capillary  cages  for  contiuning  the  same,  Bshitig 
tubes  and  other  apiuu^tus  e<)ually  ingenious  and  uscftd,  and 
for  hia  latlie  for  grinding  and  polishing  lenses;  secondly,  for 
hifl  vial  microscope,  for  viewing  the  circulation  in  charm; 
thirdly,  for  his  graphic  telescope  and  microscope;  fourtUy, 
for  his  valuable  iiisti'uctioii8  and  hints  concerning  the  best 
forma  of  eye-pieces  for  telescopes  and  microecopea;  and, 
lastly,  for  his  iniproved  lever  microscope,  all  of  which  in- 
ventions have  been  fully  described  in  the  Transactiuju 
of  the  Society  of  Arts.  To  Mr.  Pritchard,  we  are  in- 
debted for  three  valimble  works  on  the  microscope,  viz:— 
IT%e  Microtcopic  Cabinet,  The  Microscopic  lllustratio7i»t  and 
The  Mtcroffraphia,  in  which  are  admirably  explained  the  con- 
Btniction  of  the  instruments  made  ami  improved  upon  by 
Dr.  Goring  and  himself,  together  witli  the  history  of  the 
doublet,  jewel,  i-cflccting,  and  achi-oniatic  microscojws,  the 
methods  of  testing  and  using  the  same,  with  the  descriptions 
of  many  interesting  objects  obscn'cd  by  them.  These  works, 
which  were  the  first  of  the  kind  published  in  Kugland,  have 
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long  Hince  obtained  a  welUieserved  reputaUon.  The  names  of 
Chevalier,  FraueiihoCer,  Oberliauser,  Schiek,  Nttchet,  and  many 
other  continental  opticians,  here  deserve  honourable  mention 
for  their  various  productions;  and  the  author  would  be 
wantinfT  in  justice  and  candour,  were  he  not  to  acknowledge 
the  valuable  infonuation  which  han  been  derived  iu  this 
Hutory  of  the  Microscope  from  the  excellent  work  of  M.  Che- 
valier, entitled,  Des  Microscopes  ct  de  lettr  iisarfe. 

The  rapid  progress  of  improvement  in  the  manufacture  of 
the  achromatic  compound  microscope  in  this  country  is  con- 
siderably indebted  to  the  spirit  of  liberality  evinced  by  the  late 
Dr.  Goring  and  K.  H.  Solly,  Esq.  To  the  patronage  of  the 
former  we  owe  the  construction,  by  Tulley,  of  the  first  triplet 
achromatic  object-gliiss,  that  of  the  diamond  lens,  by  Varley 
and  Pritchard,  and  of  tlie  improved  reflecting  instrument  of 
Amici  by  Cuthbert.  To  Mr.  SoUy  is  due  the  credit  of 
bringing  before  the  public  the  improved  microscope  of  Mr, 
Valentine,  the  exquisite  workmanship  of  Mr.  Ross,  and  by 
his  intimate  connection  with  the  Society  of  Arts,  and  his 
well-known  liberality,  ho  has  been  the  means  of  making  its 
Transactions^  s'mce  1831,  the  vehicle  throiigh  which  nearly 
all  tlie  improvements  in  the  construction  of  telescopes  and 
microAcopes,  by  Mr.  Varley  especially,  have  been  made  known 
to  the  world. 

The  late  Ih".  Goring,  at  whose  instigation  Tulley,  in  1824, 
constructed  the  first  achromatic  objcct-ghiss  in  this  country, 
said,*  in  1829,  "That  microscopes  are  now  placed  completely 
on  a  level  with  telescopes,  and,  like  them,  must  remain 
stationary  in  their  construction."  "  Happily  for  us,"  says 
Mr.  Bowcrbank,t  *' tliia  prediction  has  not  been  fulfilled. 
Admirable  as  were  the  combinations  alluded  to  by  Dr. 
Goring,  they  were  very  far  inferior  to  those  wliich  we  now 
possess,  and  which  we,  like  the  worthy  doctor,  are,  perhaps, 
inclined  to  believe  are  3i:urccly  ca£Hible  of  being  surpassed; 
but  however  beautiftd  the  combinations  around  us,  let  us 
hope  that  the  same  skill  and  talent  wliich  have  wrought  these 

•  Eronliam  to  Afierogcopie  TUuslratioM^  1  fi29. 
t  AddreH  u>  Uie  Microflcopical  Socictj,  February  lOtb,  1847. 
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great  and  valuable  improvcmenta  m  the  instruioent  will  oon- 
imuc  to  lud  and  awist  the  scdentifio  world,  by  aiming  at  and 
achieving  a  still  furtljer  degree  of  jwrfcction.'' 

The  great  advancea  which  have  been  made  in  microecopic 
science  within  the  last  few  years,  and  the  immense  number  of 
valuable  contribiitinnA  to  animal  and  vegetable  jthjraologj 
alone,  with  which  the  ecientific  journals  of  thid  and  oOax 
countries  are  more  or  lesa  filled,  all  teml  to  show  with  what 
rapid  strides  accurate  knowledge  id  being  advanced;  and  the 
great  demand  fur  achromatic  nuerut<eopes  haa  been  such,  that 
since  the  year  163G,  in  tlud  metropolis  alone,  upwards  of  1000 
firet-ratc  inatrumcnta  Lave  been  manufaetured  by  our  three 
great  makerf,  Messrs.  Powell,  Rose,  and  Smith,  to  whom 
with  Mr.  Lister  sliould  be  awarded  no  small  ahare  of  the 
honour  reaped  by  thoae  who,  through  their  instrumentality, 
have  succcsefully  laboured  in  tlie  field  of  microecopic  iuvcsti' 
gation. 
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CHAPTER  I. 

THE  SIKPI^  MICROSCOPE. 

Tlie  simple  microdcopes  m  general  use  may  be  dtNided 
into  two  classed;  first,  those  used  in  the  hand;  and,  ee- 
contUy,  those  provided  with  a  Btand  or  iipparatiu  for 
supporting  the  object  to  be  viewed,  U^ther  with  an  ad- 
juatment  of  the  magnifying  power  to  and  from  that  object, 
with  a  niirror  or  s^icciduni  for  rc6ecting  t}ie  light  tJurough 
such  objecti!  as  are  transparent,  and  a  condenser  for  such  as 
ore  opaque. 

To  Uie  first  class,  or  those  niicrosco]>eB  used  in  the  hand, 
belong  the  various  kinds  of  pocket  lenses,  or  magnifying 
glasses  so  commonly  used;  tlicy  consist  for  tlic  nioyt  part  of 
double  convex  nr  planoconvex  lenses  of  glass,  varying  in  fncal 
length  from  tlie  quarter  of  an  inch  to  two  inches;  one  or  more 
of  these  is  set  in  a  frame  of  metid,  horn,  or  tortoiset*heU,  and 
is  made  to  shut  up  between  two  other  plates  of  the  same 
material,  wliicli,  besides  forming  n  handle  for  it,  serve  to  keep 
it  free  from  dust  and  scratches;  the  slmtting  up  is  similar  to 
that  of  a  knife-blade  into  its  handle.  Sometimes  these  IctiBee 
are  set  in  poire,  with  a  thin  piece  of  horn  or  tortoiseshcU 
between  thcni,  ha\ing  a  hole  in  its  centre  corresponding  to 
the  centre  or  axis  of  tlie  two  lenses;  this  serves  as  a  stop  to 
cut  off  all  the  outer  rays  of  light,  so  that  when  an  object  is 
viewecl  by  the  combined  power  of  the  two  lenses,  it  is  not 
only  more  magnified,  but  the  defining  power  of  the  instrument 
is  increased  in  a  like  proportion,  so  that  wo  might  almost  call 
it  a  doublet 

Tliese  magnifying  glasses  arc  extremely  xiseful  for  all  pni^ 
poses  where  a  higli  power  is  not  required ;  to  the  anatomist 
they  are  eseentinl  for  exnmintng  preparations  either  in  or  out 
of  bottles,  and  for  dissections  and  injections.  For  the  latter 
purpose,  a  lens  of  half-an-ineh  focus  wiU  magnify  sufficiently 
to  enable  an  observer  to  pronounce  whctlier  the  vessels  of 
most  tissues  be  perfectly  filled,  or  whether  extraii-aeations  have 
taken  place.    In  short,  no  person  in  the  pursuit  of  any  branch 
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of  natural  history  should  be  without  one ;  its  ud  a  hourly 
reqairetL  There  are  two  fonm  of  these  pocket  magtufiert  in 
general  uae ;  the  most  common  form,  represented  by  fig.  23^ 

carries  one,  two,  or  three  mag- 
nifiers, whiUt  a  much  Imrger  and 
more  convenient  form  ia  repre- 
sented by  fig.  24,  in  which  there 
are  two  seta  of  lenaca,  varying 
in  tlieir  focal  len^rtlt  from  two 
inches  to  a  quarter  of  an  inch; 
between  the  lenacB  may  be  enxn 
' 'g  23.  jjj  ^jji  ggm.gB   the   diaphragm 

or  stop,  which  enables  ua  to  use  the  two  lenses  as  »  doublet 


Fig.  24. 

A  square  hole  is  made  in  the  end  of  the  handle  of  fig.  23,  and 
a  round  one  in  the  middle  of  tliat  of  fig.  24,  for  the  pur- 
pose of  attaching  them  to  a  stand,  as  will  be  subsequently 
shown.  Mr.  Smith  generally  puts  three  lenses  into  one 
handle,  the  highest  power  is  a  planoconvex,  the  next  a  crossed 
lens,  and  tlic  lowest  a  double  convex  lens ;  these,  when  com- 
bined, pertbrm  uncommonly  well. 

When  a  higher  nmgnifying  power  ie  required,  the  form 
generally  used  is  that  known  as  the  Coddington  lens,  con- 
sisting of  a  sphere  of  gUss,  around  the  equator  of  which  a 
triangtilar  groove  has  been  cut,  and  the  groove  itself  subse- 
quently filled  up  with  opaque  matter,  as  represented  in  section 
by  fig.  25.  The  great  advantage  of  tliiri  fonn  of  lens  is,  that 
however  obliquely  pencils  of  light,  B  A,  may  fall  upon  it,  they, 
like  the  central  ones,  pass  at  right  angles  witli  the  suHacCi 
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and,  coiiBcquently,  Uie  aberration  is  trifling.     This  lena  ^tcs 

a  large  ficH  of  view,  equally  g;(KKl  in  uU  directions,  uud  it 

little  matters  in  what  position  it  ii^  held,  heac« 

it  is  pceuliarly  applicable  m  a  band  inf^itiKcr. 

The  lens  is  generally  set  in  Bilver  or  Gennaii 

In        III  silver,  as  represented  by  fig.  2fi,  and  the  Immlle 

Wl      I  is  BO  contriveil,  that  it  occupies 

ft\    J  but  little  room  in  the  wajstcoat 

\\\  !  pocket-      It   umy    be   as  well 

uV  hero  to  mention  that  many  of 

\\K  the  lenses  sold  iis  Coddington 

•t  r  r  "^     lenses  are  not  constructed  after 
^  y  ^     this  manner,  but  arc  made  uji 
r    \  \  ^     of  two  convex  lenses,  not  por- 
^  ^  -rVr      lions  of  siiheres,  hence  they  arc 
H        \  M        destitute  of  many  of  the  advan-  *' 

y  ^  tages  of  tlic  true  Coddington  lens.  Another 
*  *  lens,  eoiucwliat  of  tlie  same  description  as  tliu 
Fig.  25.  laat,  is  much  boaatcd  of  by  its  manufacturers, 
and  is  puJTod  off  at  every  toy-ahop  as  tlie  Stanhope  lens;  it 
consists  of  nothing  more  than  a  double  convex  Icua  of  great 
itliickneed,  on  one  m\e  of  which  the  convex  surface  is  greater 
than  on  the  otlier;  and  when  the  most  convex  is  turned 
towards  the  eye,  an  object  placed  upon  the  other  twnvex  sur- 
face is  in  the  proper  focus  of  the  lens;  it  is,  in  conscfiuence, 
generally  used  more  as  a  toy  thou  as  a  philuejophiciU  insiru- 

tment,  for  viewing  tlie  scales  of  buttci-flicB'  wingt*  and  other  flat 
objectfi  which  can  readily  be  attached  to  it,  or  for  bhowing  tlic 
eel»  in  paste,  and  the  wonders  in  a  drop  of  water.  If,  how- 
ever, the  flattest  side  be  turuc<l  towards  the  eye,  Uiis  fonu  of 
lens  may  tdso  be  used  as  a  magnifier,  its  focus  being  then  from 
^  to  I  of  an  inch. 

I  When  any  of  these  lenaea  have  to  be  held  for  a  long  time 
in  the  hand,  much  inconvenience  will  be  felt,  hence  various 
stands  or  supports  have  been  contrived  by  which  the  magnify- 
ing power  may  he  kept  in  a  fixed  [wsition  over  tlie  desired 
objccL  The  engraver,  the  watchmaker,  tiie  jeweller,  and  the 
artist,  all  require  some  form  of  lens,  and  each  hiie  an  appa- 
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TfttU9  bj  meanfl  of  wfaich  it  may  be  gupportcd  oxkI  a(]jii6t«d, 
making  it,  in  fact,  a  angle  microecope ;  and  aa  it  would  be 
foreign  to  our  purpose  here  to  enter  into  the  details  of  the 
various  contrivances  which  have  been  adopted,  from  time  to 
time,  we  sliall  merely  make  mention  of  those  useful  in  micro- 
ecopical  investigations. 

The  m06t  simple,  but  not  the  least  useful  of  the   single 
tnicroecopes,  is  represented  by  fig.  27-    It  is  principally  used  by 

watclunnkers  and  wood- 
engravers,  and  consists 
of  a  loaded  stand,  of 
metal  or  wood,  from 
which  rises  a  circular 
stem  of  stout  wire  or 
tube ;  upon  this  slides 
another  piece  of  tube, 
carr^-ing  an  arm  also  of 
stout  wire,  having  at  ita 
end  a  ball  and  socket 
joint,  and  to  the  boll  of 
this  joint  is  attached  a 
second  smaller  arm,  to 
'^'     '  the  end  of  which  bat,  is 

fitted  either  a  spring  or  else  a  ring,  serving  the  purpose  of 
carrying  the  lens;  when  the  spring  la  used,  the  magnifier 
generally  employed  is  the  one  tlic  watchmaker  adapts  to  hta 
eye,  it  is  represented  by  fig.  28,  and  is  nothing  more  than  a 
lens  of  an  inch  focus,  set  in  a  long  cell  of 
horn,  enlarged  at  one  end  like  a  trum])et, 
tliis  enahles  it  to  be  gras[>ed  firmly  by  the 
nmwles  around  the  orbit,  or  if  the  ring  l»e 
used,  the  Icuit  may  drop  into  it.  The  coarse 
adjmitment  is  made  by  sliding  the  tube  op 
Fig.  28.  ***"  *'f*w'n  the  stem,  whilst  a  finer  adjustment 

is  secured  by  means  of  the  small  arm  and 
the  ball  and  socket  joint;  but  it  will  be  seen  that  if  this  last 
be  used,  and  tlie  arm  be  moved  into  any  other  jMisition  than  a 
horizontal  one,  the  lens  will  not  be  in  a  plane  at  right  angles 
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to  the  object  To  remedy  this  inconvemence,  the  author  has 
found  the  following  cofntrivance  citremely  naeftd,  a  section 
of  tlie  lens  and  cell  in  which  it  h  contained  being  represented 
by  fig.  29.     The  semicircular  epring  is  retained,  ita  enda  are 

seen  in  section  at  b  6,  and 


m 


Fig.  21). 


entire  in  fig.  30  at  r/,  and  a 
ring,  a  a,  \a  adapted  to  it, 
rather  less  in  diameter  than 
the  spring,  and  thrce-eighthfl 
of  an  inch  in  depth ;  it  has  a 
shoulder  or  rim  at  one  end. 


and  aI?o  two  steel  pins,  c  c,  screwed  in  near  the  top  edge, 
exactly  opposite  each  other ;  theee  pins  arc  received  by  two 
holes  ina<[e  in  tlie  semicircular  spring,  so  that  the  cell  may 
turn  or  swing  upon  the  pin?  just  as  a  compass  on  its  gimlials. 
The  tcosca  arc  made  to  drop  iuto  thi^  cell,  and  it  will  be 
readily  seen  by  fig.  30,  which  is  a  representation  of  the  arm 


Fig.  80. 

and  cell,  just  one-half  its  real  size,  that  in  whatever  position 
the  arm  \s  placed,  tlic  cell  carrying  the  Icna  will  be  always  hori- 
zontal : — a  exhibits  the  piece  of  brass  forming  the  connection 
between  tiie  two  piuta  of  tlie  arm,  it  has  a  soeket  at  one  end, 
in  which  the  luUl,  A,  works;  c  is  the  small  wire  arm  supporting 
the  spring,  rf ;  ^  is  the  cell  which  carries  the  lenses ;  2  repre- 
eents  the  situation  of  the  cell  when  the  arm,  c,  is  horizontal ; 
1  the  same  when  the  arm  is  elevated;  and  3  when  depressed, 

in  botli  these  places  the  cell  mtuntains  its  horizontal  [KMition. 
4» 


The  lenses  are  set  in  brasa  rnunca,  which  easily  fall  into  the 
cell,  OB  seen  in  section  in  fig.  29,  where  e  represents  the  lonat 
and  d  the  frame  in  wluch  it  is  eet ;  and  when  it  is  required  to 
change  the  power,  we  have  merely  to  turn  the  cell  uptjidc 
down,  the  lens  will  drop  out  and  another  can  bo  Bubetituted. 
It  may  be  as  well  here  to  Hlate,  tliat  tlic  form  of  the  low 
power  lenses  cmpIoyc<1  for  the  purpose  of  dissecting  shoidd  be 
double-t^onvex,  a  planoconvex,  with  its  convex  aide  towards 
the  eye,  gives  a  flat  field,  perfect  in  the  centre,  bnt  not 
at  tlie  margins.  This  form  of  microscope  is  exceedingly 
useful  for  minute  dissections  of  nerves  that  are  carried  on 
under  water  in  troughs  or  other  vessels,  and  Ynl\  be  found 
sufficiently  steady  for  the  purpose,  the  length  of  the  nnn 
allowing  the  lens  to  be  brought  over  any  part  of  the  troiigh 
or  vessel  in  which  the  dissection  is  conUuned,  so  that  the  sazo 
of  (he  Bubject  to  bo  examined  need  not  be  considered. 

ANHien  a  much  more  steady  instrument  is  required  for  the 
purposes  above  described,  Messrs.  Powell  and  Lealand  have 
ooDtrived  a  form  represented  by  fig.  31 ;   it  consists  of  a 

^^  brass  foot,  or  base,  by 

about  five  inches  in 
diameter,  and  an  inch 
and  a  lialf  thick ;  to 
make  it  more  steady. 
It  may  be  loaded 
with  lead  ;  from  this 
foot  rises  a  trian- 
gular stem,  a,  about 
twelve  inches  in 
length,  having  a 
rack,  dy  on  one  of 
its  sides;  upon  this 
stem,  a  square  box, 
r,  carrying  a  pinioii. 
and  two  nulled  heads, 
is  made  to  move  up 
Fig.  31.  and    down    by    the 

rack.     To  the  Iwx  is  attached  a  strong  tubular,  but  conical. 
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ann,  /»  nine  inches  long,  provided  at  its  free  end,  a,  with  a 
stout  ring,  g,  into  wluch  cittier  a  compound  body  may  be 
screwed,  aa  aeen  in  fig.  32,.  or  a  lena,  4  set  in  a  large  cell 

may  drop.  The  coni- 
jKiuml  body,  it  will 
be  seen,  baa  id^  a 
nick  and  pimon  mo- 
tion of  one  inch  in 
extent  for  a  fine  ad- 
justment, and  the 
body  itaelf  may  bo 
inclined  at  any  angle 
by  meam  of  a  swivel 
joint  to  the  ling. 
Tliia  iiifitruinent  is 
particularly  useful  for 
minute  dii^eectiona 
carried  on  in  large 
tn)ugha  under  water; 
and  when  the  o[ierar 
tor  wishes  to  view 
his  dissection  with  a 


Fig.  32. 


high  power,  he  may  remove  the  ^ngle  lens  under  which 
he  has  been  at  work,  and  substitute  fnr  it  tlie  compound 
body,  which  is  usually  supplied  with  thfce  eye-pieces,  and 
an  inch  and  two  incli  nbject-gla^ ;  liut  in  no  cum:  is  he 
required  to  move  his  dissection,  as  the  compound  body  can 
be  ai>pUcd  to  the  same  objects  as  tlie  single  lena.  To  make 
this  instrument  available  for  the  general  purposes  of  a  com- 
pound microscope,  it  is  pro\ided  with  an  oblong  frame  or 
box,  open  at  the  sides,  and  in  the  bottom  of  which  is  con- 
tained a  mirror  \  the  top  of  a  box  having  a  hole  in  it 
about  an  inch  and  a  half  in  diameter,  answers  the  pui'pose  of 
a  stage,  and  into  it  a  pair  of  forceps,  a  frog  plntc,  and  other 
apparatus  may  he  fitted,  as  into  the  stage  of  on  ordinary 
com|>ound  microscope.  To  the  ring,  also,  may  be  adapted  a 
small  arm,  capable  of  carrying  a  Coddington  or  other  lens  of 
high  power. 
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When  portability  is  studied,  %  very  convenient  and  useful 
microticopti,  fur  luiuiy  pur|H««!8,  can  be  reiwUly  made  ynth  one 
or  both  ot*  the  pocket  lungnifiera,  before  described  at  iMigc  48, 
if  citlicr  of  the  two  formd,  aa  there  represented,  huTo  a  hole 
in  the  handle.  These  being  provided  with  a  Btand,  as  repre- 
sented by  fig.  33,  of 
any  convenient  aixe, 
from  which  a  small 
atem  riacB,  the  pocket 
leoa  may  be  made  to 
slide  upand  down  this 
(Oein,  and  if  required 
to  be  iiied  at  any 
given  point,  a  small 
screw  will  suffice  for 
the  purpoee. 

Thia  method  of 
mounting  the  pocket 
Icna  on  a  stand  was 
first  soggeated  by 
Mr.  Lister,  and  has 
been  carried  out  by 
Me«9r8.  Smith  and 
Fig  33.  Beck;  but  iw  tlic  i)lan 

adopted  by  them,  represented  by  fig.  33,  is  rather  different 
from  tliat  just  described,  it  will  be  rc<iuisite  here  to  give  an 
account  of  tlieir  improvements,*  Tlicir  pocket  magnifiers  have 
a  wiuaru  hole  in  the  end,  and  tliey  use  a  circular  efcind,  and 
on  tlic  stem,  which  ie  roxmd,  a  ]>iece  of  brass  is  mudc  to  slide 
up  and  down,  cnnying  a  binding  screw  on  one  side,  and  a 
small  ami  ou  the  other ;  tliis  arm  is  (Straight  fur  about  a  fourth 
of  an  inch,  and  then  is  bent  ot  ft  right  angle  for  alwut  the 
same  length,  the  last  pirt  is  stiuare,  and  upon  the  square,  the 
mugnlfier  is  made  to  fit ;  tliitt  is  a  much  better  pl:m  than  tho 
former  one,  in  which  the  screw  for  lightening  is  in  the  end  of 
llic  handle  uf  tho  magnifier,  ns  less  trouble  is  required  in 

*  By  au  vrtot  uf  the  trtiitl,  Ibc  mjignifier  ia  rcpriHsctitcd  the  wrong 
Mfle  upiforUs. 
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fixing,  and  the  magnifier  iUelf  con  be  taken  oS'or  put  on  with 
tlie  greatest  facility. 

Afr.  Roes  lina  contrived  a  small  but  exceedingly  uacful  in- 
strument, audweriug  the  same  purjHJsea  ae  tlie  prccctling ;  it  is 
represented  by  fig.  34,  and  cunfititd  of  a  circular  foot,  e,  about 
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Fig.  34. 

an  inch  and  a  half  in  diameter,  from  which  riaea  a  short 
tubular  stem,  </,  into  this  tilidcj)  another  short  tul>e,  r,  carrying 
at  ltd  top  a  joint,  f;  to  the  Joint  is  fixed  a  square  tube,  a, 
through  which  a  square  rod,  fit  slides ;  this  rod  liaa  at  one 
end  another  but  smaller  joint,  ff,  hairing  attached  to  it  a  lens 
holder,  A.  By  means  of  the  joint  at  J",  the  square  rod  can  be 
moved  up  and  down,  eo  as  to  bring  the  lens  close  to  an  object, 
or  remove  it  from  it,  and  by  the  rod  sliding  through  the  square 
tube,  a,  the  distance  between  the  stand  and  the  lens  may 
cither  be  iucrcaacd  or  diuuniahcd ;  the  joint,  g^  at  the  end  of 
the  rod,  is  for  the  piurjioee  of  allowing  the  lens  to  be  brought 
either  |>erfcctly  horizontal,  or  to  be  inclined  at  any  angle  with 
the  subject  to  be  invL'stigatcd.  Uy  means  of  tlie  sliding  tubc» 
c,  the  distance  between  the  table  and  the  jointed  arm  can  be 
Increased  or  diminished.     This  microscope  ie  provided  with 
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section  and  cxanilnntion  of  opnque  objects;  but  by  means  of  s 
ditwectin];  tnble  nr  platform,  w'lih  a  iiilrrur  underneath,  a^ 
described  with  Mr,  PoweU's  instrument,  pogc  53,  it  will 
answer  equally  well  for  transparent  objects,  e«pecially  if  the 
dissecting  rests,  subsequently  to  be  described,  be  used  at  the 
same  tune ;  tlie  joint  at  f  allows  of  the  Icna  being  adjusted 
with  very  great  nicety. 

This  appuratua  is  also  readily  taken  to  pieces,  by  unscrew- 
ing the  pillar,  */,  from  the  stand,  and,  with  the  lenses,  dis- 
secting inatruinentB,  and  forceps,  is  jjacked  in  a  small  caw, 
which  can  be  carried  in  the  pocket. 

These  little  instruments  the  Author  has  found  extremely 
useful  ibr  the  exatuinatiun  ajid  selection  from  i$and  of  many  of 
the  smaller  kinds  of  foraminiferous  shells.  A  small  quantity 
of  the  sand  supposed  to  contain  them,  may  be  spread  on 
a  piece  of  black  pajyer  on  the  table,  and  by  meanu  of  this 
simple  microscope,  and  a  sable  or  other  pencil  brush  capable 
of  btiing  brouglit  to  a  fine  point,  a  great  deal  of  work 
may  be  pertbrmed  in  a  short  space  of  time,  and  with 
much  more  case  than  with  a  compound  instrument,  in 
which  all  the  objects  arc  reversed ;  and  as  the  cost  of 
these  microscopes  is  comparatively  trifling,  and  the  usee 
to  which  they  arc  appliuifale  so  extremely  various  and 
important,  no  student  of  natural  history  should  be  without 
one. 

The  instrument  best  suited  for  dissection  is  one  which  was 
described  in  the  forty-ninth  volume  of  the  Trajisnctious  of  tha 
Society  of  Arttf  by  Mr.  ^^lack.  It  consists  of  a  box  or  case, 
seven  inches  high  and  four  inches  broad,  representctl  open  in 
6g.  35.  The  upper  surfaces,  r  r,  are  slojicd  off  to  four  inches 
square  to  form  arm  rests,  and  the  top  is  lefl  six  inclies  by 
four.  Th«  front  of  the  case  is  provide<l  with  a  flap  or  door, 
ha\ing  hinges  at  the  bottom  and  a  lock  at  the  top;  the 
mirror  va  situated  in  tlie  bottom  of  the  case,  and  is  of  large 
size,  and  directly  over  it,  in  tlic  top,  is  an  opening,  g^  an  inch 
and  n  quarter  in  diameter,  wliicb  may  be  closed,  if  required, 
by  a  bras?  cap. 
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Fig.  36. 

Fig.  36,  is  a  bock  view  of  the  instrument,  amuigcd  for  udc. 
The  (itagc.  A,  Ib  acrewcd  into  the  top  of  the  box,  and  is  raised 
one  inch  ftbove  it,  by  means  uf  a  tube,  in  which  it  la  made  to 
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Fig.  36. 

revolve,  so  tliat  on  object  placed  on  it  may  be  turned  into  any 
convenient  [lotiition.  The  apparatus  for  carrying  the  lenwea 
and  for  tlic  ndjuc^tuient  of  ilie  same,  is  represcuted  as  it  is 
nttaohed  to  the  buck  of  the  case.  A  vertical  8tem»  six  inches 
long  anil  four^tentlis  square,  with  a  rack  on  one  ^de,  carries 
the  lene  holder,  7/1  »,  wlilt-Ji  Di.ay  be  moved  backwards  and 
forwards  by  a  rock  and  pinion  at  n^  and  is  made  to  turn  hori- 
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KontaUy  upon  a  steel  pin  at  the  top  of  the  square  stem.  The 
Btem  is  lowered  and  raiaed  by  a  pinion  with  a  loi^ge  milled 
head,  /,  two  inches  in  diameter,  by  which  tolerably  fine  adjuiit- 
mentii  may  be  made,  but  finer  still  may  be  effected  by  the 
lever,  0,  which  fits  into  a  series  of  holes  drilled  in  the  circum- 
ference of  tlie  same  milled  head,  /.  The  whole  of  thia  adjusting 
apparatus  is  attached  to  ft  plate  of  brass,  jj,  and  is  made  to 
alidc  into  another  plate,  t  i,  fixed  to  the  back  of  the  caw  by 
screws.  When  not  in  use,  the  entire  apparatus  on  the  top  of 
the  cose  may  be  removed  and  placed  in  a  box  or  drawer  in  its 
interior.  When  transparent  objects  are  being  dissected,  the 
screen,  y,  made  of  block  cloth,  may  be  attached  in  front  of  tlie 
stage  by  two  brass  ptna,  pp ;  this  screen  or  curtain  has  a  two- 
fold use,  the  one  to  intercept  all  extraneous  light  save  that 
reflected  from  the  mirror  below,  the  other  to  keep  the  light  of 
the  lamp  or  candle  employed  in  the  illumination  from  the  eyes 
of  the  observer.  The  pins,  p  /?,  are  bent  a  Uttle  forwards, 
that  the  curtmn  may  not  be  in  the  way  of  the  head.  The 
microscope  is  thus  arranged  for  the  dissection  of  transparent 
bodies,  such  as  the  vessels  or  other  tissues  of  plants,  for  which 
the  inventor,  Mr.  Slack,  was  so  celebrated ;  but  when  opaque 
objects  are  under  examination,  the  condensing  tens  must  be 
employed ;  this  ma^y  either  be  fixed  on  a  separate  stand,  or  to 
some  part  of  the  top  of  the  case.  An  improvement  Ilos  been 
made  by  Mr.  Ooadby  in  this  dissecting  microscope  of  Mr. 
Slack:  he  places  the  stem  for  the  adjustment,  hi  the  interior 
of  tlic  case,  and  the  milled  bead  only  is  allowed  to  project  on 
the  outside ;  this  can  be  put  on  or  taken  off  at  will,  as  the 
end  iA  tiie  pinion  is  made  B«iuarc  to  receive  it.  The  case  is 
on  rather  a  burger  scale  than  Mr.  Slack's,  but  in  slujie  is 
precisely  similar.  As  most  of  Mr.  Uoadby'e  dissections  are 
carried  on  under  water,  s(pmre  tin  troughs  are  usetl  for  the 
pur]>ose,  each  of  whicli  has  a  circular  ring  fastened  to  the 
bottom,  to  fit  into  the  aperture,  g,  of  the  stage,  and  by  this 
niouus  they  arc  prevented  from  shifting  their  position. 

A  very  useful  single  microscoire  is  that  mode  by  Mr.  Roes, 
anddaecribed  by  lum  in  the  Vvftntj  Cyvlo}Hjr-iUuy  article,  *'Micro- 
eoope."     It  ia  represented  by  fig.  37,  luwl  couaiiits  of  a  brass 
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pillar,  about  six  inches  long,  screwed  into  a  tripod  base ;  to 
the  upper  part  of  the  pillar  ie  attached,  by  ecrcwB  with  milled 
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Fig.  S7. 

heads,  a  Iai^  flfit  stage,  provide<l  with  a  spring  clip,  and 
other  appanitiiH  for  holding  the  objects.  By  moans  of  the 
large  milled  head,  a  triangular  bar,  having  n  rack,  is  raised 
out  of  the  pilliu*;  this  bar  carries  a  Icut^holder,  havii^  a 
huri/j^ntol  movement  in  one  direction,  effected  by  a  mck  and 
piniun,  and  a  circular  one,  by  turning  on  a  pin.  It  is  also 
pi-ovidod  with  a  (^oncave  mirror,  for  reflecting  the  light 
Uiruugh  the  hole  lu  the  stage;  a  condensing  lens,  for  the 
purpose  of  illuminating  opaque  objects,  and  a  pair  of  forceps 
for  holding  small  objects,  may  be  applied  to  cither  uf  the 
holes  in  the  stage.  Thia  microscope  is  usually  su]>pliL>d  witli 
lenses  of  one  inch  and  one  half  inch  in  focal  length  for 
diieccling ;  but  the  higher  powers  generally  employtKl  are 
blets  or  triplets  j   or  it  may  Itc  converted  into  a 
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compound  microecope  by  taking  away  tlie  len»-holder  and 
substituting  for  it  a  compound  body,  and  when  provided  with 
a  cnullc  joint,  either  at  the  top  or  bottom  of  the  pilhu*,  may 
be  iucliucd  ai'tcr  the  maimer  of  the  larger  instrumente  pre- 
sently to  be  deacribed. 

This  micro8coi>e,  with  its  broad  Stage*  is  well  adapted  for 
minute  dissectiuns,  and  la  rendered  more  convenient  fur  the 
purpose  if  placed  bctwccu  two  inclined  planes,  to  be  here- 
after mentioned,  wliiob  funn  what  ih  called  tltc  dissecting  real. 
This  apparatus  gives  support  to  the  arme,  and  brings  the 
wrist  on  a  level  with  the  stage,  whereby  small  cutting  instru- 
ments can  be  managed  with  the  greatest  nicety. 

Another  highly  useful,  and  tiir  more  complete  stand  of  a 
ample  microscope,  for  the  dissection  of  minute  botanical  and 
other  objects,  was  contnvcd  by  Mr.  Wm.  Valentine,  and 
constructed  for  him  by  Afr.  Andrew  Ross,  in  1831 ;  it  is  fully 
described  in  the  forty-eighth  volume  of  the  Transactions  of 
the  &'ociety  of  Arts,  and  was  one  of  the  first  simple  microscopes 
provided  with  a  moveable  stage,  and  with  coarse  and  fine 
adjustments,  as  represented  by  fig.  38.  It  is  supported  on 
a  firm  tripod,  made  of  bell-metal,  the  feet  of  which,  a  a  a, 
are  made  to  close  up  together,  A  strong  pillar,  b,  rises  from 
the  tri[Hxl,  and  carries  the  stage,  e,  tlus  is  further  strengthened 
by  two  brackets,  r  r.  From  the  tube  or  pillar,  a  triangular 
bar,  dy  and  a  triaugulai*  tul>c,  c,  slide,  the  one  within  the 
other;  the  outer  or  triangular  tube,  c,  is  moved  np  and  down 
by  a  screw,  having  fifty  Uircads  in  the  inch,  turned  by  a  large 
milled  head,  v,  situated  at  the  liase  of  the  pillar,  this  is  the 
fine  adjustiuent  Thu  small  triangular  bar,  t/,  is  moved  up  and 
down  within  the  triangular  tube,  c,  just  described,  by  means 
of  a  rack  aud  pinion,  tm-ucd  by  Oic  milled  head,  f,  forming 
tlie  coarsk!  -.idjustnieut:  this  bar  ciirriea  the  lens-holder,  m  n  op. 
The  stage,  4f,  consists  of  three  plates,  the  lowest  one  is  firmly 
attaclied  to  tlie  pillar,  and  upon  this  the  other  two  work. 
The  up|>er  one  carries  a  small  elevated  stage,  <?,  on  which  the 
objects  are  placed ;  this  stage  is  mounted  on  a  tube,  J\  and 
lias  a  spring  dip.  A,  for  holding,  if  necessary,  the  objects 
under  cxamiualiou.     liy  means  of  two  screwed  placed  diago- 
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nally,  one   of  which   is  seen   »t  a,  tlii^   elevated  etago  can 
be  move<i  in  two  directions,  at  right  angles  to  each  other,  and 
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Fig.  36. 

the  different  porta  of  any  object  can  be  brought  succewively 
into  tlic  field  of  view. 

The  arm,  n  j>,  which  carries  the  lenses,  is  attached  to  tlic 
triangular  bar,  f/,  by  a  conical  pin,  on  which  it  can  turn  hori- 
zontally, and  the  arm  itself  can  be  made  longer  or  shorter  by 
means  of  a,  ruck  and  jjiuiun,  m  v,  attached  to  it,  hence  the 
lens,  q,  may  be  applied  to  all  parts  of  an  object  without 
interfering  In  any  way  with  the  stage. 

Tlio  mirror,  /,  is  placed  ti|X)n  the  largest  of  the  three  legs 
forming  the  tripod,  and  consists  of  a  concave  and  plane  glass 
reflector.  To  the  under  side  of  the  stage  is  fitted  a  tol- 
l's oondcnsor,  A,  and  the  lens  is  made  to  slide  up  and 
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down  by  means  of  two  email  handles  projecting  from  the 
cell  contAinlng  the  lens.  Two  small  tubet^  i,  mto  wlu<^ 
cither  a  condensing  lena  or  a  pair  of  forcepe  may  bo  fitted, 
are  attached  to  the  under  aide  of  the  etage. 

The  magnificre  employed  in  this  instrument  were  either 
single  lenses  or  doublets,  and  Mr.  Valentine,  who  is  ao  wcU 
known  ra  a  most  skilful  vegetable  anatomist,  ha^  managed  to 
dissect  under  a  lena  of  onc-twcnticth  of  on  inch  focus. 

To  make  it  a  compound  microscope,  the  arm  carrying  the 
lenses  cnn  be  removed,  and  a  compound  Ixxly,  supported  on 
a  bent  arm  and  provided  with  a  coiiicjd  pin,  at  ita  end, 
can  bo  aubatitutcd,  and  the  ooorse  and  fine  adjustments  in 
the  pillar  will  answer  the  puqx^^te  of  focustiing  the  coinjmund 
instrument,  as  well  a«  the  wmplo  magnificra 

This  microscope,  the  first  of  the  kind  ever  made  by  Mr. 
Ro«8,  was  remarkable  for  the  excellence  of  its  workraanalup, 
and  may  be  said  to  Imve  paved  the  way  for  a  new  era  in  the 
forms  of  tliese  in^trumcnta. 

A  very  useful  microscopo  for  dissecting  is  that  made  by 
Measn.  Smith  and  Beck,  represented  by  fig.  39 ;  it  may  be 
supported  upon  a  heavy  circular  brass  foot,  or  bo  screwed  to 
the  cover  of  a  box,  or  block  of  hard  wood.  The  centitd 
pillar  is  circular,  about  six  inches  long  and  three-fourths  of 
an  inch  in  diameter,  and  from  it  may  be  raised  a  triangular 
bar,  by  a  rack  and  pinion,  turned  by  two  lai^c  milled  hcada 
The  lens-holder  has  two  movonienta  like  that  of  Mr.  Koes, 
the  one  by  n  pin  fitting  into  the  top  of  the  triangular  bar, 
the  otiier  by  a  rack  and  pinion.  The  mirror  is  of  the  usual 
construction.  The  stage  is  of  a  circular  figure,  three  inches 
in  diameter;  into  it  may  be  fitted  dissecting  troughs,  com- 
posed of  a  ring  of  brass,  with  a  glass  bottom,  or  a  similar  ring 
with  an  ebony  bottom,  and  others  equally  useful,  which  are 
covered  or  lined  with  cork.  Tliis  instrument  is  supplied  with 
single  luDJKij  and  witli  doublets,  and  has  proved  n  very  useful 
working  tool  in  the  hands  of  Mr.  Darwin,  who  snggcetcd 
nmny  ingenious  piccos  of  apjiarntus  to  Ht  into  the  hole  in  the 
stage  for  holding  subjects  under  examination.  Besides  this 
angle   microscope   of  Messrs,  Smith    and   Reek,  and   those 
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prc\'ionsly  notice*!,  tJicro  are  many  very  useful  forms  sold  by 
eoutc  of  our  other  opticians  in  this  metropolie,  and  in  the 


Fig.  .19. 

proTinces ;  those  of  Mr.  Pritcliard,  which  are  described  in  his 
works,  require  especial  mention.  The  author  of  a  little 
tract,  entitled  T%e  Wanders  of  the  JSficrofcvpc^  recommends 
strongly  an  instnmient  invented  by  Ka^piul,  whicli  can  be 
bought  in  Paris  for  thirty  france,  or  about  twenty-five 
shilUngB  Englitfh :  it  is  provided  witli  four  lenses,  varying  in 
magnifying  power  from  lifty  to  three  hundred  diameters.  The 
author  was  lately  shown  one  of  these  instnunents,  by  his 
friend,  Mr.  H.  AV".  Kamond,  and  can  speak  very  favourably 
of  its  performance. 

As    the   single  microscope  is    principally  used  for  dis- 
section, the  most  essential  part,  next    to   good  glasses,  is 
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a  large  firm  stage  for  swpporring  the  objects  under  exanu- 
nation;  and  as  it  is  found  that,  after  a  Utile  practice, 
an  object  can  Imj  moved  about  on  tlie  stage  with  verj-  great 
nicety,  the  stage  movements  may  be  dispensed  with  where 
low  powers  only  are  employed ;  but  with  doublets  and  trip- 
lets some  more  delicate  adjustment  tlurn  that  of  the  hand 
becomes  necessary,  and  such  an  instrument  as  that  described 
by  fig.  38  should  be  had  recotir»e  to,  where  both  fine  and 
€031*86  movements  for  the  magnifiers  arc  provided,  and  all 
partJi  of  the  object  can  be  carried  imder  the  lens  by  the  ad- 
justable stage. 

The  magnifying  powers  generally  employed  with  ainglo 
microecopes,  may  be  di\'ided  into  those  consisting  of  one  lens 
only,  and  tlio»e  of  tw4)  or  lliree  lenses  couibincd,  from  which 
circumstance  Uiey  are  termed  doublets  or  triplets.  In  tho 
first  class  are  included  all  the  powers,  from  two  inches  up  to 
one  quarter,  and  sometimes  one-tenth  of  an  inch ;  tliese 
should  be  set  in  flat  cells,  like  that  seen  in  fig.  31,  and  be 
mtuh  to  drop  easily  into  the  lens-holder.  Some  pereona  use 
planoconvex  lenses  for  the  very  low  powers,  in  tlirse  the 
centre  of  tho  field  will  be  perfect  and  well  defined,  but  the 
margins  not  so ;  hence,  both  theoretically  and  practically,  it 
will  be  found  that  double  convex  lenses  ore  tlie  best 
for  low  powent,  especially  for  dissecting;  those  who  are  in 
po*ywssion  of  a  two-inch  achromatic  object-glass,  will  soon 
leam  that  where  very  careful  work  is  reijuircd,  a  gla«-  of  that 
description  will  be  by  far  the  most  pleasant  to  use.  Mr. 
Powell  supplies,  with  his  dissecting  microscope,  represented 
by  fig.  31,  sometimes  a»  many  as  seven  lenses,  the  four  lowest 
range  in  focul  length  fi-om  two  inches  to  half-an-inch,  and  the 
^fifUi,  is  a  Cwldington  lens,  of  a  quarter  of  an  inch  focus,  the 
remaining  two  being  doublets,  one  of  onc-tentli,  the  otlier  of 
one-twentietli  of  an  inch  focxis.  Two  of  these  largest  lenses 
are  double  convex,  the  other  two  either  crossed  or  plano- 
convex. After  the  ordinary  lens  of  half-an-inch  in  focus,  the 
next  increase  in  the  magnifj'ing  jwwcr  should  be  supplied  by 
the  Coddington  lens,  represented  by  figs.  25  and  26;  tliis 
affortls  a  large  field,  equally  good  in  all  directions,  and  its 
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value  w  intennetUatc  between  that  of  a  double  convex  lens  of 
tlie  beet  form  iind  a  doublet  or  achromatic  lens.  Tlie  duublel 
iu  general  use  id  that  before  alluded  to  as  the  invention  of  Dr. 
WoUastooi  and  reprcBeuted  in  section  by  fig.  40.  It  consist^a 
of  two  planoconvex  leuses,  having  their 
focal  lenglha  in  the  proportion  of  one  to 
three,  or  nearly  so ;  these  arc  set  in  two 
BCpamtc  cells,  a  c,  the  upper  one,  a,  is  ca- 
pable of  being  moved  up  and  down  in  c, 
by  means  of  the  screw,  as  represented  by  the  fignire ;  this 
enables  the  optician  to  adjust  them  Ui  perform  accurately. 
The  lenses  arc  placed  with  their  flat  ffldcs  towards  Uio  object, 
and  the  one  of  longest  focus,  which  is  al^o  tlie  luigcst,  is 
placed  nearest  the  eye.  Between  the  two  lenses  there  is  a 
stop  or  diaphragm,  &,  which,  for  accurate  dcfinltton,  should 
also  be  carefully  adjusted.  Tlie  doublet,  as  described  by 
WoUastonf  in  the  Vhilosopkkal  TramactionSy  was  not  pro- 
Tided  with  a  stop,  nor  does  he  even  allude  to  the  introduction 
of  one;  it  is  not  certain,  therefore,  whether  he  was  at  all 
aware  of  its  value,  and  his  bright  career  having  tcnuinated 
in  BO  short  a  tunc  after  the  publication  of  the  paper,  the 
omission  may,  in  some  measure,  be  accounted  for. 

The  form  of  doublet  described,  at  page  29,  aa  the  invention 
of  Sir  John  Herschell,  although  free  from  aberration  in  the 
ccnti-c  of  the  field,  hat!  a  great  deal  towards  the  margin,  and 
is  therefore  seldom  used  as  a  mngiiifier. 

When  a  triplet  is  required,  it  should  be  constructed  on 
the  plan  of  tliat  of  Mr.  Holland,  first  described  in  tlie  forty- 
ninth  Tulume  of  tlie  Tramactiom  of  t/ie  Society  of  Arfs,  and 
before  alluded  to  at  J>agc  31 ;  it  consists,  as  is  shown  In  sec- 
tion by  fig.  41,  of  three  planoconvex  lenses,  a  A  r,  the  first  two, 
a  b,  being  placed  close  together,  and  the  stop 
or  diaphmgra  between  them  and  the  tliinl 
lens,  c ;  this  combination  of  three  lenses  was 
used  by  Mr.  Holland,  cither  oh  a  aimple 
microscope,  or  as  an  object-glass  to  a  com- 
pound one ;  and,  although  termed  a  triplet. 


Fig.  41. 


it  18  essentially  a  doublet,  having  its  front  lens  mode  up  of 
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two.     A  giaaa  of  tlus  form  is  ct^iable  of  tronamitdng  aa  lAigc 
an  angular  prnc'il  op  65**  with  perfect  diiitinctne)!& 

The  above  described  combination  of  three  lenses  approoches 
60  very  closely  to  the  objecta  to  be  examined,  tliat  they  re- 
quiro  to  be  covered  witli  the  Tery  thinncat  mica,  which  ia 
objectionable,  and  no  more  titan  three  tcnsea  can  jxtagibly  be 
employed  to  form  a  single  microscope ;  hence  the  limit  to  the 
improvement  uf  thid  instrumcuL  Mr.  Holland  states,  that 
for  a  triplet  to  bo  efficient  for  the  podura,  &c,  it  ehould  be 
equivalent  in  jx>wer  to  a  single  lens  of  one-twenty-fifth  of  an 
inch  focus;  nnd  in  answer  to  those  who  object  to  the  uae  of 
the  triplet,  on  account  of  ita  approaching  so  closely  to  the 
object,  he  states  that  some  of  his  preimmtions  arc  covered 
with  mica  so  thin,  that  tliey  can  be  examined  by  a  spherule 
of  one-ihree-hundredtli  of  an  inch  focus.  "  It  was  at  one 
time  hoped,"  says  Mr.  Ross,  "  as  the  precious  stones  are  more 
refractive  than  glu^u,  and  aa  the  increased  refractive  power  is 
unaccompanied  by  a  corresponding  increase  in  chromatic  di»- 
persion,  tliat  tliey  would  furnish  valuable  materials  for  lenses, 
inasmuch  as  the  refractions  would  be  aecompliahed  by  filial- 
lower  cur\-e5,  and,  consequently,  with  dinuniahed  spherical 
aberration."*  But  these  ho[je8  were  disappointed:  every- 
thing that  ingenuity  and  persevenmce  ooidd  accomplish  was 
tried  by  Mr.  Varlcy  and  Air.  Pritcbard^  under  the  patronage 
of  Dr.  Goring.  It  appeJirctl,  however,  that  the  great  reflective 
power,  the  doubly-rcfi-acting  property,  the  colour,  and  the  hete- 
rogeneous stnicture  of  the  jewels  which  were  trieil,  ninch  more 
than  couDterboianced  the  benefits  arising  from  their  greater  re- 
fractive power,  and  left  no  doubt  of  the  superiority  of  skilfully 
made  glass  doublets  and  triplets.  The  idea  is  now,  in  fact,  aban- 
doned ;  and  the  same  remark  is  applicable  to  the  attempts  at 
constructing  fluid  lenses,  and  to  the  pi*oject«  for  giving  to 
glass  other  than  spherical  surfaces, — none  of  which  have  come 
into  extensive  use. 

'  Art,  Miero«oi>ft,  Pntny  Cffcl>paili». 
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CHAPTKR  II. 

COMPOUNn     MICROSCOPE. 

A  COMPOUND  inicroecope  differs  from  a  irimple  one  in  having 
tlie  imttge  of  an  object  formed  by  an  object-glads  further 
iimgnified  by  one  or  more  lenaea  forming  an  eye-gloes ;  or,  in 
other  words,  the  rayd  of  light  from  an  object  being  brought 
into  a  new  focua,  there  form  an  image,  which  imago  being 
treated  as  an  original  object  by  the  eye-piece,  is  magnified  in 
the  aaiue  way  ua  the  simple  luicruscupc  magnified  the  object 
itselX.  For  a  mici-oscopc  to  be  a  compound  one,  it  is,  thcre- 
ture,  ueceaBary  that  it  tiliuuld  have  an  objcct-glasB  lud  an  eye- 
gloas;  in  some  of  the  old  microscopes  there  were  only  two 
lensc8,  but  tt  hiu  been  stated  that,  in  the  simple  inicroecojfc, 
as  many  aa  three  arc  employed  to  form  a  triplet,  and  yet, 
with  tills  number  of  lenses,  the  microscope  la  still  a  simple 
one.  This  is  easily  explained:  the  first  two  lenses  of  the 
triplet  only  effect  what  might  liave  been  accomplished,  but 
not  so  well,  by  one ;  and  the  third  lens  is  only  useful  for 
modifying  the  liglit  before  it  enterB  the  eye. 

As  the  ubjcct  of  this  work  is  entirely  practical,  no  mention 
will  be  made  of  the  com[K)und  microscopes  tluit  have  been 
heretofore,  or  aic  even  now,  manufactured  in  this  country, 
that  are  not  achromatic,  and  whidi,  Uiurcforu,  oie  uniitti:d 
for  ecicntiiic  investigation,  and  attention  will  be  principiilly 
directed  to  those  made  by  our  first-rate  opticians,  Messr». 
Powell,  Itose,  ond  Smitli,  all  of  whose  object-gliisaes  will 
stand  the  severe  testa  faereailer  to  be  described,  approaching, 
as  far  ns  we  can  judge  at  present,  the  limits  of  conceivable 
IKfrfucliou,  and  the  stands  or  eupjwrts  for  wliich  arc  eon- 
stnictwl  on  the  most  approved  mechanical  principles,  to 
prevent  tremor,  and  to  afibrd  the  greatest  facility  for  using 
the  varioiut  movementa,  and,  in  point  of  workmanship,  arc 
also  une<iuallcd. 

Every  compound  microi*cope  may  be  said  to  consiRt,  like 
the  simple  one,  of  two  est>ential  parts,  viz.,  tlic  stand  and  the 
5* 
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Optical  appanitufi>  both  of  which  are  very  much  more  com- 
plicated tijan  they  are  in  tlic  former  instrumcnta.  The  etaocl ' 
IB  niade  up  of  the  compound  body  (or  tube  for  carrying:  t!ie 
optical  apparatus),  and  tlic  stage  witli  the  supports  and  ad- 
juHtniL'Uti*  for  each ;  whilst  the  optical  part  consista  of  the 
object-glasses  or  magnifyiDg  powers,  the  cye-picccs,  and  the 
mirror.  It  little  matters  what  the  shfliie  or  »izc  of  the  instm- 
ment  may  be ;  for  wliatever  plan  is  adopted,  or  in  whaterer 
country  it  may  be  made,  the  £iarts  above  described  arc  strictly 
essential,  and  must  be  present  in  each.  The  compound  botlif 
is  gcneralJy  a  tube  of  bnu^s,  from  eight  to  ten  iuchcti)  in  length, 
and  from  an  inch  to  an  inch  and  a  half  in  diameter;  to  its 
up[M:;r  end  the  eye-pieces  arc  adapted,  to  its  lower  tlie  object*, 
glaRsea;  as  these  latter  arc  of  different  magnifying  powen^,' 
and  as  no  two  objects  under  cxainiuatioa  arc  of  the 
thicTtnesa,  it  is  highly  requisite  that  there  should  be  some' 
mode  of  focal  adjustment  applicable  to  every  condition,  llxia 
is  cifecteti  in  two  ways,  one  of  which  is  termed  the  coun^' 
the  other  the  tine  adjuslincut;  tJie  first  is  generally  accom- 
pliahed  by  rack  and  pinion,  by  which  the  whole  of  the  tube 
carrying  the  eye-piece  and  object-glag«  is  made  to  approach 
or  rccetle  from  the  object  by  turning  a  large  milled  head 
connected  with  tlic  pinion ;  whilft  in  the  second  or  fine  ad- 
justment, the  object-glass  only  is  moved,  and  that  by  meaiwl 
of  a  very  delicate  scjxjw,  acting  either  on  the  long  end  of  a 
lever  or  in  sonic  of  the  modes  hereafter  to  be  noticed, 
whereby  the  i*ame  result  is  obtiuned.  In  the  best  constructed 
stands,  the  entire  comixiund  body  containing  the  magrufiers  is 
moved  up  and  down  by  tltc  coarse  adjustment,  but  in  many 
of  the  older  microscopes,  a*  represented  by  fig.  21,  tliere  were 
two  or  more  tubes  to  moke  up  the  compound  body.  \Vlicn 
this  was  the  case,  the  outer  tube  was  finnly  attached  to  the 
otlier  part  of  the  stand,  oud  formed  the  guide  for  the  inner 
one  carrying  the  optical  apparatus  to  eli<le  tlirough ;  under 
these  circumstances  the  rock-work  was  placed  in  the  com- 
pound liody  itself;  but  much  greater  BtabiEty  is  ensured  by 
the  adoption  of  the  former  method.  In  some  instruments 
there  is  a  tube  connooted  with  the  compound  body,  capable 
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of  being  drawn  out  to  the  extent  of  Ave  or  six  inches:  this  is 
termed  the  draw-tube,  into  one  end  the  eye-piecea  fit,  and 
into  the  other  an  crectiug-gljis«  is  made  to  screw.  Thla 
dmw-tuhe  hut*  a  sfcale  uf  inches)  and  parts  engraved  on  ita 
outer  side,  aa  represented  bj  fig.  42,  where  a  is  the  ey^ 

piece,  h  the  upper  end  of  the  com- 
pound IioJy,  and  c  the  draw-tube, 
with  the  scale  of  inches  and  parts 
on  it.  The  many  uecfl  of  this  tube, 
and  of  tiic  ercctlng-glass  also,  will 
be  fully  described  hereafter.  The 
inner  side  of  the  tube  carrying  tlie 
magnifiere  is,  in  all  cases,  provided 
with  one  or  more  stops  or  cUa- 
phraguis  for  cutting  off  the  extra- 
neous pencils  of  light. 

The  next  part  of  the  stand  iu 
importance  is  the  st/iff^  or  appara- 
tus on  which  the  objects  are  to  be 
placed  for  cxamlnntion ;  this,  in  the 
most  complete  microscopes,  consist* 
of  two  or  more  plates  of  brass,  one 
of  which,  termed  the  stage-plate,  is  cAjKiblc  of  being  moved  in 
two  dircctious,  at  right  auglcs  to  each  other,  cither  by  6crcw8> 
racks  and  pinions,  by  n  combination  of  the  two,  or,  mor& 
simply,  by  a  lever.  Upon  tbo  stage-plate  another  plate  is 
adapteil,  termed  tlie  object-plate;  this  last,  for  the  more  ready 
ailjustment  of  the  object  to  be  examined,  is  made  to  slide  up 
and  down  upon  tlie  stage-plate,  and  is  generallv  supplied  with 
a  raised  Icdgo  at  its  lower  part,  against  which  the  objects 
themselves  may  rest  when  the  stage  is  in  an  inclined  position  ; 
and  aometimes  another  piece  of  brass,  termed  a  clip,  with  a 
weak  spring  in  its  trnnt  part,  is  nia<le  to  slide  upon  it,  so  that 
any  object,  if  necessary,  may  be  firmly  secured  between  the 
clip  and  the  raised  ledge.  The  objuct-plate,  besides  tlic  move- 
ment up  and  down  on  the  stogc-plate,  and  that  in  two  direc- 
tions at  right  angles  to  each  otlier,  cffreted  by  tlie  screws  or 
rack-work,  has  also  a  circular  one  in  a  horizontal  plane,  wluch 
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is  accomplished  by  mounting  it  upon  a  short  piece  of  tube* 
capable  of  fitting  into  another  tube  in  the  stAge-plute;  on 
this  tube  it  tiimi!,  and  hy  it  the  object>p1nto  is  also  raised 
above  the  working  parts  of  the  stage-plate  itself. 

The  atage  niovementa  generally  extend  from  half-an-inch 
to  two  inched,  eo  that  by  the  sliding  up  tuid  down  of  the 
object-plate,  and  the  {listuncc  the  same  plote  ia  capable  of 
being  traversed  over  by  the  rack-work,  all  part«  of  on  object 
of  con«iderable  size  can  be  brought  in  succej^aion  into  the 
field  of  view.  The  different  methods  of  effecting  these  stage 
movemeata  will  be  described  with  the  instruments  to  which 
they  are  severally  adapted.  To  the  under  side  of  the  stage  a 
number  of  other  pieces  of  apparatus  can  be  fitted,  viz.,  the 
fliapliragm  plate,  the  achromatic  and  other  condensers,  the 
lower  prism  of  the  polniizing  iippanitus,  nnd  the  dark  stope  or 
wella,  all  of  which  will  hereiift«r  ha  deBcribetl.  To  the  object- 
plato  should  also  be  fitted  the  forceps  for  holding  opaque' 
objects. 

The  methods  of  mounting  the  compound  body  and  the 
stage  are  exceedingly  ^'arious,  the  meet  improved  plans  arc 
rcpresculcd  in  the  foUo^-iug  figures,  and  fur  our  present 
purpDse  it  will  be  merely  necessary  to  divide  them  into  two 
clasees ;  first  into  tliose  in  which  the  compound  body  is  sup- 
ported at  it«  lower  end,  on  an  arm  capable  of  Iwing  moved 
up  or  down  by  a  rack  and  pinion ;  and,  secondly,  into  those 
in  which  the  compound  body  is  supported,  either  by  an  arm 
firmly  attached  to  the  back  of  it,  as  seen  in  fig.  21,  when  it  is 
necessary  tliat  the  body  shoidd  be  composed  of  more  tlian  one 
tube,  or  where  a  large  poition  of  its  length  is  supported,  af^r 
the  plan  of  Mr.  George  Jackson. 

T^e  remruning  portion  of  the  stand  of  the  compound  micro- 
scope condets  of  the  foot  or  baaie,  and  of  one  or  more  pillars 
or  supports  rising  from  it,  to  which  the  compound  body  and 
stage  arc  attached.  Tlie  foot  is  genemlly  a  etout  tripod  of 
brass,  cost  in  one  piece,  or^  for  convenience  of  package,  it  may 
be  composed  uf  three  flat  feet,  capable  of  being  folded  to- 
getbcr,  as  in  fig.  21,  or  as  in  two  of  Mr.  Powell's  instruments* 
of  three  longer  lege,  standing  in  on  inclined  poeitiuu,  like 
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in  a  threc-Je^ed  stool.  Some  makers  even  iific  a 
heavy  circular  foot  instead  of  a  tri[KKl,  but  this,  although 
Bteiidy  when  the  instrument  is  upright,  is  not  60  when  it  ia 
inclined.  Fi"om  a  fuot  oi"  one  of  the  above  fomis  a  atout  pillar 
riHeii,  liaving  at  it«  upper  part  a  cradle-joint,  to  which  both 
compound  body  and  ritage  arc  firmly  attJicKuiI,  ho  that  when 
the  joint  U  UBfHl,  both  thcdo  parts  move  together.  Mr.  George 
Jackson,  having  antidpated  some  difliculty  in  making  a  good 
cradle-joint,  wna  induced  to  use  two  pillars  insteml  of  one,  by 
which  a  greater  degree  of  stcadiucs3  waa  obtained;  hb  codj- 
pouud  boily  and  stage  were  connected  to  both  pillars  hy 
trumuons,  on  which  they  were  made  to  turn.  Mr.  Jackson 
also  mounted  bis  cum]H)uud  body  on  a  grooved  bell-metal 
arm, — a  plan  somewhat  similar  to  that  adopted  by  Mr.  Kosa^ 
in  one  of  bis  early  imcroscopes,*  and  wliicli  will  bu  more  fully 
described  in  the  instruments  of  Messrs.  Smith  and  Beck,  wlio 
have  ado^rted  it.  Air.  Koss  uses  the  tripod  foot,  and  two  flat 
supports,  by  wliieh  the  same  end  is  accomplished  as  by 
pillars ;  but  the  supports,  he  comiiders,  are  mucli  more  free 
from  \'ibration.  In  some  of  the  recently  constructed  |)ortable 
instnuncnts  tlie  stage  ia  mounted  on  a  strong  pivot,  on 
which  it  can  be  turned  in  the  same  direction  as  tlie  compound 
body,  for  convenience  of  package.  The  amallciit  iiistru- 
ments  of  Messrs.  Powell  and  Ross  are  constructed  on  tliis 
principle. 

'riie  optical  part  of  tlie  comiwumi  microscope  consists  of  the 
object-glasses,  the  cyc-pieces,  and  the  mirror.  The  object- 
//losses  siipplied  witli  the  best  instruments  are  generally  cither 
five,  six,  or  seven  in  number,  and  vary  in  their  magnifying 
power  from  20  to  2,500  diameters ;  they  are  called  two-inch, 
one-inch,  half-inch,  one-<iuartcr,  one-eighth,  one-twelith,  and 
onc-eixteenth ;  but  it  must  bo  undtiretuod  that  these  names 
are  not  derived  from  the  distance  the  bottom-glass  of  each 
combination  is  from  the  object,  but  from  a  fact  found  in 
practice,  that  a  thin  single  lens,  to  magnify  the  same  number 
of  diameters  as  any  of  the  preceding  achromatic  combinations. 
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would  be  required  to  be  of  the  aamc  focal  distance  as  that 
given  to  the  others  hy  name.  In  other  words,  if  a  angle 
icna  were  mode  the  objcct-glasa  of  a  compound  mlcrDSOope, 
and  if  it  were  ncce:^sary  to  employ  n  iH)wer  equal  to  thai  of 
the  one-fourth  achromatic  combination,  with  the  same  oom 
|>ouud  body,  it  would  be  (bund  that  a  tlun  single  Icna  of  one- 
quarter  of  an  inch  focus  would  be  required  to  give  that 
power.  It  would  be  more  uticful  in  practice  if  the  name 
given  to  each  of  the  object-gljisiwd  were  expresmre  of  the 
magnifying  {)Ower  Instead  of  being  derived  In  the  manner  above 
described;  if  we  take,  for  instance,  the  giBsues  called  the 
half-incli,  as  constnicted  by  each  of  our  three  eminent  miUcer^ 
anil  com[mre  theui  togetlicr,  wc  shall  Und  that  all  three  will 
differ,  more  or  less,  in  their  magnifying  power,  but  still  they 
all  bcar'lhc  name  of  liolf-incb;  ncitlicr  do  two  glasses,  similar 
in  name,  even  of  the  some  maker,  always  agree  exactly ;  hcnco 
it  would  be  very  desirable  in  practioe  to  apply  a  term  to  Uicm 
which  shuuld  express  their  magnifying  power,  but  such  a 
uonicnclatm-e  could  not  at  this  advanced  period  be  easily 
carried  out 

The  eyepieces  supplied  with  tlie  compound  achromatic 
microscopes  are  gcncrnlly  three  in  uumlwr,  and  the  form 
employed  is  that  knoxvn  by  the  name  of  the  Huyghenian,  it 
having  been  first  employed  by  Iluyghens  for  his  telcecopea* 
Eacli  one  coni*i^ts  of  two  planoconvex  lenses  placed  at  a  dl»- 
tance  from  each  other  equal  to  half  the  sum  of  their  focal 
lengths ;  the  plane  surfaces  of  the  lenses  are  towards  the  eye, 
and  that  nearest  the  eye  is  termed  the  eyeglass,  whilst  that 
most  distaut  is  tcnuiKl  tlic  field-glass.  A  stop,  or  diaphragm, 
is  placed  about  half-way  between  the  two  lenses,  this  arrange- 
ment WHS  adopted  by  lluyghene  fur  the  purjKwc  of  diminishing 
the  spherical  aberration,  by  producing  the  refraction  at  two 
gUasee  instead  of  one,  and  of  materially  increasing  the  field  of 
view;  but  it  was  reserved  for  Boscovich  to  point  out  that 
another  vahuible  property  of  this  eye-piece  was  the  correction 
of  a  great  \yait  of  the  chmmatio  aberration  as  welL  This 
eubjrrt  has  been  mnce  critically  examined  by  Mr,  Varley, 
and  to  his  pa]>cr,  in  the  fiftyfirst  volume  of  the  I'raruactwu 
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•/*  the  itocifiy  of  Arts,  the  author  would  refer  those  of  his 
readers  who  would  vnah  to  gain  more  infoniiation  upon  the 
matter.  Another  eye-piece  Gonactimea  employed  is  the  in- 
ventiua  of  Kjimsden  ;  it  consists  of  two  planoconvex  lenaes  as 
in  that  by  Huyghcns,  but  the  field-glaas  is  reversed,  or  ita 
plane  Burfaco  19  placed  fartliost  from  the  cye-glatw ;  tHs  in- 
etniment,  which  will  be  again  alluded  to  in  the  chapter  on 
micrometers,  is  ctucHy  used  when  it  is  required  to  mcafnire 
the  magnified  image  oi'  any  object,  hence  it  has  been  fre- 
<iucutly  ttiUcJ  the  micrometer  eye-piece,  the  divided  glaae 
being  placed  immediately  in  front  of  the  field-lena.  When 
this  eye-piece  is  used,  the  image  is  formed  in  front  of  the 
field-glat^s,  and,  consequently,  the  focal  point  of  the  eye-piece 
is  outside  the  field-glftsa;  but  in  tha  Hnyghenian  form,  the 
image  of  the  object  is  formed  at  the  diaphragm  hettcten  the 
field  and  eyeglass;  hence  the  former  has  been  teimcd  the 
poeitive,  and  the  latter  the  negative,  eye-piece. 

The  mirror  generally  consists  of  a  frame  of  brass,  in  which 
are  net  two  silvered  glasses,  one  concave  the  other  plane, 
which  should  not  be  leas  tlian  two  inches  in  diameter;  the 
former  reBecta  the  light  in  converging  the  latter  in  parallel 
rays.  For  facility  of  adjustment,  tlie  frame  carrying  the 
^asMa  is  made  to  turn  in  every  direction,  by  means  of  joints, 
and  in  the  best  niicroecopcs  it  is  adapted  to  a  tube  on  which  it 
can  bo  slid  either  up  or  down,  and  so  be  approximated  to  the 
under  surface  of  the  stage,  in  order  that  the  rays  reflected 
from  the  concave  surface  may  be  brought  into  a  focus  or  not 
u[KiD  any  given  object  on  the  stage.  In  some  microscopes 
tlic  plane  mirror  is  replaced  by  one  made  of  jilaatcr  of  Paris, 
which  reflects  a  soft  white  light,  or  by  a  prism  of  glass,  the 
invention  of  M.  Dujardin.  Sir.  Varley  has  suggested  a  plan 
of  covering  the  plane  mirror  witli  poimded  glass,  or  corbonalo 
of  soda,  by  which  means  the  light  of  a  bright  cloud  opposite 
the  sun  may  be  artificially  imitated,  and  even  the  rays  of  the 
Bira  iteelf  may  be  reflected,  and  so  produce  u  soft  white  light. 
The  different  modes  of  using  the  mirror  will  be  alluded  to  in 
the  chapter  devoted  to  the  ilhumnation  of  microscopic  objects, 
where,  also,  will  be  described  several  other  kinds  of  appa- 
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ratuis  whereby  the  quality  of  tho  Ugbt  may  be  materially 
modified. 

All  the  parte  essential  to  a  compound  achromatic  micro* 
scope  having  now  been  deacribcd,  attention  will  next  be 
directed  to  the  different  arrangcnicnts  adopted  by  the  prin- 
cipal makers  to  render  the  mechanical  part  most  cfieetiTe, 
and,  lu  in  all  other  caBCH,  the  namca  of  the  manufacturore 
wiU>  as  fur  Od  practicable,  be  taken  in  alphabetical  order,  no 
preference  being  given  to  the  workmanship  of  one  over  that 
of  another,  but  credit  always  awarded  wherever  it  may  be 
due. 

HE8SB8.  FOWKLL  ASD  L£ALASD*B  ACUItOJCATIC  COMPOUXD 
RUCKOSCOPE, 

This  instrument,  first  described  in  the  Microtcopical  Journal^ 
VoL  L,  page  177,  ia  represented  by  fig.  43  ;  it  stands  on  a 
firm  tripod  base  of  brass,  on  which  is  a  circular  plato ;  to  this 
two  stout  pillars  are  attached,  bearing  at  their  upper  cxtrenxi- 
tiea  the  ends  of  the  tmimionB,  upon  which  a  strong  piece  of 
metal,  giving  attachment  to  the  compoun<l  body  and  the 
stage,  is  supported;  by  means  of  the  circular  platc>  the  pillars 
can  be  turned  upon  the  tripod,  and  the  weight  of  the  com- 
pound body  and  stage  brought  over  one  or  more  of  the  feet  of 
the  tripod,  and  tho  instrument,  therefore,  rendered  more 
steady.  This  plan  of  using  the  double  pillar  was  first  adopted 
by  Mr.  George  Jookson,  in  1838,  and  possesses  tlie  advantage 
of  being  light  and  of  distributmg  the  weight  of  tho  superin- 
ctunbent  ports  more  etjuolly  on  the  tri|x}d  titan  where  only  one 
pillar  is  employed.  The  compound  body  is  supported  nearly 
the  whole  of  its  length  on  a  strong  arm,  having  u  huUuw  frame 
at  its  top,  after  a  plan  first  described  by  Mr.  Powell,  in  the 
fifty-third  volume  of  the  Transactions  of  Hte  Suciety  of  ArU. 
The  coarse  luijuntraent  is  made  by  a  rack  and  pinion  contained 
within  the  fmmo  above  noticed;  and  the  latter  turned  by 
the  large  milled  head  A.  In  order  that  the  compound  body 
may  be  moved  easily  and  sUU  be  vcr>'  Btea<ly,  it  is  attached 
to  a  ciwilc  resting  upon  two  rollers,  one  iuch-aDd-»-<|uarter 
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wide*  and  thrcc-and*a-htdf  inches  apart,  this  being  equivalent 
to  a  triangular  bar  of  the  eame  size.  The  fine  adjucitment  >d 
made  by  a  screw  with  a  cone,  against  which  the  cradle,  or 
portion  of  bnws  attached  to  the  body,  is  firmly  pressed  by 
means  of  a  spring ;  one  of  the  milled  heads  of  the  fine  adjust- 
ment is  seen  at  B.  By  this  metliod  of  mounting  the  com- 
pound body,  all  tendency  to  run  down  by  its  own  weight  is 
prevented,  in  consequence  of  its  motion  being  that  of  a 
sliding  combined  with  a  rolling  one.  The  lower  part  of  the 
arm  carrj'ing  the  compound  body  at  1  U  provided  with  a 
conical  pin  fitting  into  the  piece  of  metal  supporting  the 
stage;  by  this  a  circular  motion  is  obtained,  and  the  bfidy 
can  be  turned  away  from  the  etngc,  so  that  an  object  placed 
upon  it  can  be  properly  adjusted,  before  the  body  is  brought 
over  it-  The  stage  is  of  the  form  first  con»tnioted  by  Mr. 
TurrcU,  and  described  by  him  in  the  forty-ninth  volume  of 
the  Transactions  of  the  Society  of  Arts,  Tt  has  a  motion  each 
way  of  tliree-quarters  of  an  inch  in  extent,  that  from  side  to 
aide  being  effected  by  a  screw  turned  by  the  milled  head  C, 
whilst  the  up  and  down  motion  ts  performed  by  a  nick  and 
pinion  in  connection  with  the  milled  head  D.  The  rtage- 
plate  has  a  circular  motion,  and  on  it  is  a  spring  clip  II  for 
securing  the  objects  when  the  instrument  is  inclined.  A 
small  ann  E  is  Been  undcmeatli  the  stage;  this  carries  the 
dark  wells,  to  be  used  when  minute  opaque  objects  are  illu- 
minated by  the  Licberkuhn.  The  mirror  is  mounted  rather 
diflcrently  from  thoec  supplied  with  other  microscopes ;  instead 
of  a  eemicirclc  of  brass  witli  two  pins,  on  which  the  frame 
containing  the  reflectors  mny  turn,  there  is  a  quadrant  of 
brass,  having  at  one  end  a  strong  pin  on  which  the  frame  is 
turned  up  or  down,  and  at  the  other  end  a  still  stronger  one, 
on  which  the  quadrant  and  the  frame  together  arc  capable  of 
being  revolved;  this  lagt  fits  into  a  short  piece  of  tube, 
mode  to  elide  cither  up  or  don*n  tlic  long  tube  attached  to 
the  bottom  of  the  stage,  by  which  the  mirror  is  connected 
witli  the  other  part  of  the  stand ;  the  reflectors  themselves 
are  lioth  plane  and  concave,  as  in  other  im»trumenta.  With 
this   microscope    arc   supplied  an  achromatic  condenser,  n 
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biicrometcr,  frog-pIato,  vml-holdcr,  eniall  and  lai^e  condcne- 
ing  Icn^  gtcel  dittc  a  eubatitute  for  tlic  camera  lucidn, 
pcdarizmg  prisms,  and  many  other  important  pieces  of  nppa^ 
ratus,  and  the  price  varies  from  forty  to  seventy  guineas, 
depending  upon  the  number  of  the  powers  and  the  apporaiua 
attached  thereto;  the  powers  themselves  range  from  the 
two  inch  to  the  one-sixteenth,  and  magnify  from  20  to  2,500 
diiunctcrs. 

A  second  microscope,  constructed  by  Messrs.  Powell  and 
Lcaland,  and  known  by  its  being  mounted  on  three  h>g«,  is 
described  in  the  London  Pliynoloffical  Journal,  pjigc  63,  and  is 
represented  in  Plate  2.  The  three  1(^  inclined,  as  seen  in 
t}ie  figure,  support,  at  their  upper  part,  the  tnmnions  to 
which  the  tube,  J,  and  the  stage  ore  attached.  Prom  out  the 
tube,  J,  a  triangular  bar  is  nuMcd  by  a  rack  and  pinion  con- 
nected Tvitli  the  large  milled  head,  A.  To  the  upper  part  of 
the  triangular  bar  a  broad  arm  la  fixed,  bearing  the  comjiound 
body ;  Ude  arm  is  hollow  and  contains  the  mechanism  for  tlic 
fine  adjustment,  which  ia  effected  by  turning  the  milled  licud, 
B.  The  arm  is  connected  with  the  triangular  bar  by  a  strong 
conical  pin,  on  which  it  turns,  so  that  the  compound  body 
may  be  moved  aside  from  the  stage  when  necessary-.  Tlic 
vtage  ia  etmilar  to  that  dcacribcd  in  the  preceding  instrument, 
•and  ia  capable  of  being  moved  from  side  to  side  by  the  nulled 
bead,  C,  and  up  and  d()wn  by  tliat  at  D.  When  both  arc 
turned  together,  a  diagonal  movement  is  produced,  the  axis  of 
D  is  carried  through  to  the  opposite  side  of  the  Btagc,  where 
there  18  another  milled  head,  so  that,  if  necessary,  both  hands 
noay  be  employed  at  tlte  same  time.  The  achroumtic  con- 
denser is  represented  as  fixed  into  its  place  at  the  bottom  of 
the  stage,  where  also  may  bo  seen  an  arm,  E,  for  the  stops  or 
dark  wells.  The  mirror,  G,  and  the  spring  clip  to  the  stage, 
H,  arc  all  similar  to  those  described  in  tlic  former  instrument 
In  order  to  render  the  compound  body  exceedingly  steady, 
two  small  rods,  springing  from  the  arm,  are  attached  to  the 
back  part  of  tlie  body  a  little  above  the  centre.  To  tJus 
microscope,  aa  well  as  to  the  preceding,  all  the  apparatus 
there  mentioned  can  be  fitted.     The  stand  itself  is  nut  so 
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QoeiXy  aa  the  first  described ;  and,  although  much  lighter  ami 
mure  portable  tliau  It,  is  acvcrtliclces  exceedingly  steady, 
from  all  the  porta  being  accurately  balanced. 


MBSSBS.  POWELL  AKD  LEALAKD^S  PORTABLE  MICROSCOPE. 

One  of  the  moat  portablo  and  convenient  forma  of  compoimd 
microecope  is  that  made  by  Klessn*.  Powell  and  Lcaland,  and 
represented  by  fig.  44>  about  onc-tbird  of  lU  actual  size.  It 
id  supported  on  three  legs,  ABC,  capable  of  being  folded  one 
ufKin  the  other,  and  M-hcn  ao  folded  can  be  brought  in  a  line 
with  the  tube  D  E,  supporting  the  fltoge,  G,  and  the  mirror, 
K,  and  through  which  ttlidcs  tlic  triangular  bart  H,  having  at- 
t4iched  to  it  the  ai-m,  T,  carrying  the  compound  body,  L  K ; 
dm  lost,  tor  conveuieuce  of  package,  h  mode  to  unscrew  at 
K,  and  the  eye-piece,  L,  being  removed^  the  folded  legw  can  be 
poaacd  through  the  tubular  part  of  tlie  body,  and  both  together 
laid  i>arallel  with  the  tube  D  E.  The  legs  are  connected  with  the 
tube  D  E  by  a  strong  eiu^od  piece  of  brass,  M,  which  winds 
roimd  to  the  opposite  side  of  tlie  tube ;  a  stout  pin,  with  a 
screw  nut,  scnea  aa  an  axis  upnu  whic-h  the  tube,  D  £,  and  all 
that  is  attached  to  it,  con  be  turned  from  a  vertical  to  a  hori- 
zontal position.  The  stage,  G,  presenting  n  box-like  appear- 
ance, is  also  capable  of  being  tinned  into  a  poeition  parallel 
wilh  the  folded  logs,  by  drawing  back  the  sliding-piece,  P, 
wliieh,  when  in  use,  keeps  it  in  a  horizontal  position.  The 
apparatus  for  moving  the  stage  is  contained  within  the  box, 
G,  and  is  similar  to  that  employed  by  Messrs.  Powell  and 
Lcolimd  in  their  liu^r  instruments,  the  up  and  down  move- 
incnt  being  jwrformed  by  turning  the  milled  head,  N,  and 
that  from  side  to  side  by  the  larger  milled  head,  ().  Tlic 
slide,  Q,  is  for  the  purpose  of  supporting  the  object  when  the 
microscope  is  inclined,  and  in  it  are  two  sockets  for  receiving 
the  forceps  for  holding  opa^jue  objects.  To  the  undcr-nde  of 
the  stage  are  attached  a  diaplirn^n  iind  a  small  arm  for  carry- 
ing the  dark  stops  or  wells ;  and,  should  it  be  required,  an 
achromatic  condenser,  or  polarizing  priam,  may  be  fitted  into 
tlie  place  occupied  by  the  dinplu^agm.     The  coarse  luljustmenl 


pound  hocly,  K  L,  arc  moved  up  or  down,  the  rack  being 
eituateJ  at  the  bock  of  the  irianipilnr  bar  and  the  pinion  con- 
nected with  the  large  milled  head,  R.  The  fine  adjustment 
is  nude  by  turning  the  screw,  S ;  thia  acta  on  the  end  of  a  lever 
contained  in  the  hollow  arm,  I,  by  which  the  nhort  tnbe,  T,  to 
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which  tlic  objt 

pressed.  The  mirror,  l*",  h  made  to  slide  up  and  dowu  the 
tubc»  D  £,  and  bcmg  mounted  on  a  eemi-circidar  arm,  can  be 
turned  in  every  poeaible  direction. 

One  great  value  uf  thitt  microiwojK:  is  its  extreme  portability, 
as  the  whole  apparatus,  conaistiiig  of  the  above  described 
instrument,  t<^ethcr  with  four  object-glasses,  two  eye-pieces, 
animalcule  csige,  dark  Htops,  forceps,  &c.,  can  be  packed  in  a 
box,  the  internal  measurement  of  which  is  nine  inches  long, 
6ve  broad,  and  two  deep. 

Besides  the  tlm;c  preceding  microscopes  of  ISIesars.  Powell 
and  Lcaland,  tlicre  are  two  others  made  by  tlicm  requiring 
especial  mention.  The  first  of  these  is  of  large  size,  and 
consists  of  a  heavy  tripod  base,  from  which  rises  a  short  stout 
pillar,  having  a  cradle  joint  at  its  sununit,  to  which  is  attached 
a  triangular  bur,  fifteen  inches  in  length,  and  each  of  its 
sides  onc-inch-and-a-quorter  broad.  To  the  middle  of  this 
bar  a  stage,  seven  inches  square,  is  fixed ;  it  has  the  same  kind 
of  adjustments  as  those  of  the  smaller  instruments,  being  made 
also  on  Mr.  TurreU'e  plan,  and,  from  being  of  large  size, 
the  hands  of  the  operator  do  not  interfere  with  the  object 
when  adjusting  it.  The  milled  heads  for  effecting  the  adjust- 
ment are  placed  in  a  line,  so  that  one  hand  only  is  reqturcd  to 
move  the  btage  in  two  directions.  The  compound  body  is 
firmly  supported  on  the  upper  half  of  the  triangrdar  bar  by  a 
frame  which  fits  the  bar  accurately  and  is  mode  to  move 
smoothly  up  or  down  by  rack  and  pinion  turned  by  two  milled 
heads;  the  compound  body  is  also  capable  of  being  turned 
away  from  over  the  stage  by  means  of  a  joint  in  the  frame 
supporting  it.  The  fine  adjustment  is  mode  by  an  endless 
screw  and  two  inclined  planes ;  it  has  also  two  milled  heads, 
only  two  inches  apart  from  the  co:irsc,  but  l>oth  honzontal 
and  parallel  with  them ;  by  this  means,  the  hand  may 
be  passed  from  one  to  tlie  otlier  very  readily.  To  the 
lower  part  of  the  triangidar  Imr  is  adapted  the  mirror,  whicli 
is  of  the  same  construction  ae  tliat  previously  described,  but 
capable  of  being  moved  up  and  down  on  the  triangular  bar 
by  rack  and  pinion;   the  achromatic  condenser  is  attached 
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to  the  mirror,  and  ia  moved  with  it  on  the  bar,  ao  timt 

the  axes  of  its  lenses  mny  coincide  with  those  of  the  object- 

gla»tea.     To  the  stage  may  he  fixcil  all  the  iisual  ap|>amtus, 

and  even  a  frame  of  lai^e  size  for  holdinj;  siirh  objects  aa  are 

three  or  four  inches  broad.     The  weight  of  this  instrument  ia 

rTery  great,  and  it  is  remarkable  for  its  stendincRS  and  the 

|excellence  of  the  workmanship:  its  price,  with  nil  the  apparn- 

complctc,  approaches  niarlv  to  one  l^ndred  pouiidiJ.     In 

consequence  of  the  great  amount  of  labour  expended  in  its 

construction,  and  its  neceasarily  high  price,  the  demand  for 

this  inJcroetcope  has  not  been  great  for  the  last  few  years,  the 

ilhrcc  previously  described  liaving  in  a  mensuro  superseded  it. 

>tiier  very  iwcfvd  mirroscope  for  general  purposes,  made  by 

Powell  and  Lcaland,  is  much  less  costly  than  any  of 

ic  others,  the  tripod  and  supiiort;^  for  the  compound  body 

["and  stage  being  made  of  caet-iron ;  the  stage  is  of  lai^e  size, 

^and  tlicy  have  lately  effected  a  grcat  improvement  in  it  by 

moldng  it  adjustable  by  a  lever;  in  the  stages  hereafter  to  be 

descrilxid  with  the  lever  movement,  two  or  more  platea  are 

employed,  hut  in  this  instrument  one  only  is  usud,  and  it  [ler- 

foruoe  exceedingly  well,  being  verj'  eteady  even   with   tlie 

,  higher  powers.     The  coraiwuad  body  is  supported  on  an  arm 

'fixed  to  tJie  btick  of  it,  and  the  coarse  adjustment  is  miule  by 

rack  and  pinion,  the  fine  by  a  screw  acting  on  the  end  of  a 

lever.     This  microscope  is  available  for  all  the  purposes  to 

which  the  more  coetly  ones  are  applied,  and  ia  particularly 

nseful  to  the  medical  student,  to  whom  its  low  price  ia  also  a 

great  recommendation. 


ua.  boss's  cokpoukp  and  simple  micboscope. 

This  instrument,  first  described  by  Mr,  Rosa,  in  the  Ijtndon 
PhytaohfficalJonrnali  in  1843,  is  repreaenteil  by  Plato  1 ;  and 
a«  no  language  of  the  author  could  coavey  so  good  an  idea  of  ita 
construction  as  that  given  by  Mr.  Roas  liimself,  he  will  here 
take  adrantJigc  of  it,  and  quote  his  own  words : — 

"The  mechanical  construction  rnpresentcd  in  Plate  1.  is 
derived  from  a  practical  acquaintance  with  the  various  ira- 
6 
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provements  made  in  tlie  microscope  for  the  last  twelve 
The  general  arrangement,  which  ia  properly  the  province  of' 
the  mechanic,  has  l>een  contrived  to  obtain  the  utmost  freedom 
from  tremor,  uud  to  afford  the  greatest  fueihty  in  using  Uie 
various  movements,  while  the  extent,  direction,  and  number 
of  these  Iiavo  been  collected  from  the  experience  of  the  most 
indefatigable  obaerveni  in  all  the  various  benches  of  micro- 
scopic inquiry.  Nearly  five  hundred  instruments  have  been 
made>  on  the  plan  here  represented,  and  as  no  alteration  or 
addition  Las  been  found  necessary  for  the  accomplishment  of  all 
the  modes  of  microscopic  investigation  at  present  employed^ 
the  meclmnical  structure  of  the  microscope  stimd  may  be  con- 
sidered thuH  far  e8tablii<hcd. 

**  The  optical  part  also  has  arrived  at  such  perfection,  that 
points  or  lines,  wliosc  distance  is  such  tliat  their  sejMiration  ia 
bonlcring  on  interfering  with  the  physical  constitution  of 
light,  con  be  distinctly  scpa.i*Htcd ;  tlms  ensuring  a  reality  in 
the  appearance  of  objects,  where  the  minuteness  of  their 
detail  approaches  the  natural  limit  of  microscopic  vision. 

"Description  of  tJie   Inatrummt^  (Plate  1.) 

"A  A  ore  two  uprights,   etrengthened  by  internal  but- 
tresfies,  mounted  on  a  strong  trijiod,  B,  at  the  upjter  part,  and 
between  the  uprights  Is  on  axi^  C,  upon  which  the  whole  of 
the  upper  port  of  the  inptnimcnt  turns,  so  as  to  enable  it  to 
take  a  horizontal  or  vertical  position,  or  any  intermediate 
inclination,  such,  for  instance,  as  that  shown  in  the   plate. 
Tills  moveable  part  is  fixed  to  the  axis  near  its  centre  of 
gniWty,  and  consists  of  the  stage,  I)  D,  the  triangidar  bur 
and  its  socket,  E  and   F,  the  arm,  G,  wliich  carries  the  ^| 
microticoiK'  tube,  H,  and  the  mirror,  I.     Tlie  stage,  D  D,  has 
rcctangtdor  movements,  one  inch  in  extent,  on  the  racked 
cylinders,  a  n,  and  arc  moved  by  pinions  connected  witli  the 
milled  heads,  A  t/ ;  it  also  has  the  usual  appendages  of  forceps 
to  hold  minute  objects,  and  lens  to  condense  the  light  u^wa  ^^ 
them.     The  triangular  bar,  together  with  the  arm  and  micro-  ^| 
scope  tube,  ia  moved  by  the  milted  heads,  e  *,  and  a  more       '' 
delic-ate  adjustment  of  this  optical  port  is  effected  by  the 
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milled  head,  /.     The  other  milled  bead,  y,  fixes  the  ann,  G, 
to  the  triangular  bar. 

■"The  outline  of  the  Rtnirture,  as  before  observed,  has  been 
arranged  to  obtain,  first,  tlie  utmost  freedom  from  tremor, 
and  secondly,  to  afford  the  greatest  facility  in  xmr»Q  the 
various  movements. 

"  In  experimenting  to  obtain  the  first  of  these  corulitiona,  I 
suspended  the  moveable  imrt  of  the  instrument  near  the  centre 
of  gravity,  and  employed  tlie  inverted  pendulum  (an  instru- 
ment contrived  to  indicate  othcnvise  inseodible  vibrations)  to 
arrange  the  form  and  quantity  of  material  eo  as  to  produce, 
as  neariy  aa  ]>ossible,  an  equality  of  vibration  tliroughout  the 
whole  inatrnment ;  hence  the  object  upon  tlie  atage  and  the 
optical  part  vibrating  equally,  no  visible  vibration  is  caused. 
The  arrangement  for  accomplishing  the  ftecnnd  condition  is, 
first,  that  tlie  whole  niovemcnte  should  be  as  near  the 
base  of  the  instniment  a«  is  consistent  with  the  greatest 
proximity  among  tlieuiHelvca;  then  the  milled  heads,  eand^, 
for  mo\*ing  tlie  triangular  bar,  and  the  fine  adjustment  for  the 
optical  jwrt,  should  be  moved  by  tlie  left  hand,  while  the 
heads,  b  f/,  for  the  mov(;ment  of  the  stage,  should  be  worked 
by  the  right  hand.  Tlie  other  milled  head,  e,  is  convenient 
when  the  right  hand  may  be  unemployed  with  the  stage 
moTcment«.  The  poeitiona  of  the  milled  heads,  f/  //,  are  ex- 
tremely convenient,  aa  the  middle  finger  may  he  placed  under 
A,  and  tlie  fore-finger  under  i/^  and  the  thumb  piis^e<l  from  the 
one  to  the  other  in  the  moat  natural  aud  easy  manner.  Tho 
left  hand  is  also  readily  shilYcd  from  the  milled  head,  f,  to 
employ  the  fore  or  middle  finger  to  move  the  screw  head,  /. 
This  he;Ml  is  connected  with  o  screw  and  lever,  which  makes 
one  revolution  of  it  move  the  optical  part  one-three-hundredth 
of  an  inch.  This  arrangement  affords  an  elastic  movement  to 
the  end  of  the  tube,  as  a  guard  agiunat  injuring  the  glasses  or 
tho  object  under  exaiuiuatlou." 

Id  coneequcncc  of  tlie  improvements  at  this  time  being  made 
by  Mr.  Ross  in  the  illuminating  part  of  the  microscope,  which 
will  considerably  modify  the  general  form  of  the  instnunent,  a 
separate  description  will  be  given  in  tlie  Appendix. 
6* 
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MB.  RO&S'S  POKTABLE  ACTIROMATIC  COMPOUKD 

MiCHOSCorr.. 

This  instrutiicut  U  reprcBcntcd  by  fig.  45,  and,  like  the 
lai^r  one,  is  supported  on  a  firm  tripod  bnse,  a,  from  which 
1180  two  strong  upright.-*,  h,  Biipjmrtiiig  at  their  upjwr  parts  the 
trunniiimi  to  wliicli  tJie  square  frame,  c,  carr^-ing  tlie  stage  and 
the  tube,  dy  urc  attached.  AVlthin  the  tube,  d,  a  smaller  tube 
is  made  to  MlKle  tip  anti  clown  by  niek  and  pinion,  die  former 
is  Been  at  n,  tlie  latter  being  turned  by  the  milled  head,  o; 
this  forms  the  courde  adjustment  To  the  upjtcr  part  of  the 
inner  tube  a  very  etout  arm,  e,  is  attached  by  the  screw,  /,  on 
which  the  arm  may  be  turned ;  into  the  opposite  end  of  the 
arm,  tlie  comjtound  body,  ff,  is  acrcwe<L  The  fine  adjustment 
coDsists  of  a  comeal-pointe<l  steel  screw  pressing  apunst  the 
top  of  a  slit  in  an  inner  tube,  to  the  end  of  wliich  the  adapter 
for  receiWng  the  object-glasses  is  fixed.  The  stage  has  the 
usual  rectangular  motions,  that  from  the  side  being  performed 
by  a  screw  and  nut,  t>y  ttii'iiing  the  milled  bead,  i,  whil:!>t  the 
up  and  down  movcmGnt  is  effected  by  rack  and  pinion,  by 
turning  tlie  milled  bead,  A.  The  stage-plate  is  provided  with 
a  aliding-rest,  /,  by  which  the  distance  of  an  object  from  the 
central  hole  in  the  plate  may  be  regulated  before  focussing; 
this  answers  the  purjKibie  of  tlie  complicated  sliding  frame  in 
tlic  more  expensive  instruments;.  At  the  upper  part  of  this 
stage-plate  there  are  two  boles  for  the  reception  of  the  forceps 
and  side  reflector.  To  the  under  part,  of  the  stage  the  achro- 
mntic  condenser,  tlie  diaphnigm-[ilate,  the  dark  wells,  and 
jmLiriring  prlam,  may  all  be  ndiipted  aa  in  tlio  larger  instru- 
ments; and,  for  convenience  of  package,  the  stage  itself  may 
be  turned  on  a  pivot,  so  as  to  be  at  right  angles  with  the 
tube,  d.  The  mirror,  ?n,  is  mounted  in  the  usual  manner,  and 
i«  cajMiblc  of  being  raised  up  or  down  the  tube,  d^  on  which  it 
IB  supported. 

Thift  stand,  Hke  the  preceding,  is  constructed  on  a  plan 
ascertained  by  2Ir.  Ross,  after  a  lengtliencd  series  of  invcstt- 
gationa,  to  be  the  nio^t  sternly,  and  \»  particularly  to  he 
recommended  to  those  whose  means  are  limited,  in  conse- 
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quence  of  its  low  price,  it  being  of  a  form  which  may  be 
added  to  from  time  tu  time,  according  to  tlie  waota  of  Uie 
employer;  thus,  for  instance,  a  vertical  stand  with  two  eye- 
pieces, exchiaive  of  the  object-glasses,  may  be  procured  with- 
out the  stage  movements  or  tlie  fine  adjustment,  at  the  small 
cost  of  £4  IOjt.  ;  and  as  both  tlic  ^ta^c  and  tlie  comj>oimd 
body  are  of  the  same  size  in  tlic  vertical  as  in  the  perfect 
instrument,  the  fine  adjustment  and  stage  movements  may  be 
added  to  the  former  at  any  time,  and  render  it  as  complete  as 
that  represented  by  6g.  45, 

For  convemencc  of  package,  the  compoimd  body  may  be 
unscrewed  from  the  arui,  r,  and  llie  entire  instrument,  together 
with  condensing  lens,  forceps,  animalcule  cage*s  &c,  be  fitted 
into  a  case  seven-and-a-half  inches  high,  six-und-a-half  inches 
brood,  and  five-and-a-half  mches  deep ;  or,  if  preferred,  the 
foot,  (7,  may  l>e  removed  from  the  uprlghtjj,  2>,  aiid  the  stage 
being  tiuued  parallel  with  tlie  axis  of  tbe  tube,  rf,  tlie  whole 
will  juick  in  a  flat  box  iM;ven-aud-a-haIf  inches  long,  five-and-a- 
half  inches  broad,  and  two-and-a-hall'  inches  deep 

Mr.  Hose  has  also  made  a  small  complete  microscope  stand, 
wliich  is  a  peifei:t  model  tif  the  larger  instrument  TbJs,  to- 
gether with  all  the  apparatus,  is  packed  in  a  aise  mne  inches 
long,  nx-aud-a-lialf  inches  wide,  and  three  inches  deep,  and 
forms  a  very  compact  travelling  microscope. 

Besides  the  preceding  instruments,  Sir.  Rosa  has  made 
many  otber  kindt*.  One  of  the  best  of  these  is  deacrilwd  and 
figured  in  the  article  "  Slicroscope,"  in  the  Pcnwf  Ct/elop<edia  ; 
this  was  the  instrument  having  the  middle-third  of  the  com- 
[luuud  body  supported  by  u  triangular  crtidle  on  a  bcll-melol 
Jinn,  which  suggested  to  %ir.  Jackson  the  plan  of  attaching 
the  entire  length  of  the  Ijody  to  on  onu  ^mewhat  of  the 
nune  kind,  but  with  dove-tailed  slides,  for  it  to  move  up  and 
down  on. 

Tlie  Htagc  which  Afr.  Boss  adapts  to  his  microecopes  differs 
in  some  few  respects  from  tlioac  employed  either  by  Mr. 
Powell  or  Mr.  Smith:  the  movements  are  eflectcd  by  two 
racks  and  pinions  placed  at  right  angles  to  each  otlier,  and 
either  worked  by  milled  heads  placed  underneath  the  stage  at 
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right  angles  to  the  movements,  or  else  as  seen  in  Plate  I, 
where  they  ore  both  in  the  same  plane  with  them;  in  the 
portable  instrument  there  m,  however,  a  screw  introduced 
instead  of  a  rack,  by  wliich  tlic  movement  from  wde  to  aide  is 
effected ;  bnt  the  screw  is  a  fixture,  and  the  stagc-platc,  with 
the  milled  head  attached,  is  moved  backwards  and  forwards  on 
the  Bcrew. 

To  all  Ml*.  Boss's  instrimicnts  the  achromatic  condenser, 
the  polarizing  prism,  and  other  npparattis,  are  c-npable  of  being 
adapted,  but  Uicre  is  no  draw-tube  to  the  comjwund  body  in 
eitlier  of  them  for  the  ererting-glass  or  micrometer  cyc-piece, 
06  in  the  microscopes  of  Mcssi-s.  Smith  and  Beck ;  the  form 
of  eye-piece  emph)yed  hy  Mr.  Kosa  not  requiring  such  an 
addition  in  the  use  of  the  micrometer. 


UESSnS.  SMITH   AND   BECK  8   LABGE  ACHEOilATIC  COaU'OUND 
MICBOSCOPE. 

Tliis  instrument  is  represented  by  Plate  3,  and  conmsta  of  a 
firm  tripod  base,  A  A  A,  upon  which  two  strong  pillara, 
B  B,  are  screwed :  these  at  their  upper  parts  support  tlic 
trmmions,  to  which  the  bell-metal  arm,  C,  luid  the  Bt:ige,  E, 
are  attached,  and  by  means  of  which  this  part  of  the  instru- 
ment can  be  inclined  at  any  angle.  The  arm  supports  the 
entire  length  of  the  compound  Vxidy,  F,  on  it.«  inner  edge, 
which  is  ploughed  out  in  such  a  manner  ns  to  receive  two 
brass  rods  or  guides  attached  to  the  coin|K>und  body;  one  of 
these,  wliich  is  soldered  to  the  w^hule  Icngtli  of  the  body,  is  of 
a  triangular  figure,  and  to  its  apex  is  screwed  a  thin  flat  piece 
of  metal  of  corresponding  Icngtli,  about  five-eighths  of  an  inch 
broad,  and  onc-eiglith  of  an  inch  thick,  having  a  rack,  or 
sometimes,  two  racks,  cut  on  its  outer  or  miattached  tude ; 
Uie  former  guide  fits  into  a  triangulai*  channel  ploughed  out 
of  the  arm,  and  the  latter  slides  into  a  channel  of  the  same 
shape  as  itself  immediately  at  the  back  of  the  triangular  one ; 
the  triangular  guide  forms  a  firm  support  for  the  body  to  rest 
upon,  antl  the  Hat  ^ui<le  answers  the  purp<Mc  of  keeping  tlic 
first  in  close  apposition  with  the  channel,  whilst  by  the  ruck 
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at  itH  back,  tlie  raoTement  of  the  body  up  aud  down  the  uin  in 
effected  by  the  pinion  connected  with  the  luilled  heads,  G  G, 
wluch  funii  the  coarse  adjiLsliiient.  Thturc  la  a  druw-tubc  at 
the  upper  end  of  the  body,  into  wtuch  tlie  eyo-piecea  and 
erectiug-ghi£«  lit,  and  to  the  lower  end  there  is  added  a  short 
tube,  to  carry  the  ubjcct-^l:uuiet< ;  tlua  iu  moved  up  and  down 
slowly  by  the  nut,  K,  acting  on  the  end  of  a  lever,  aud  ao 
foruu)  the  fine  adjuatuicnt.  The  stage  adapted  to  this  instm- 
lueut  uiiiy  be  one  of  two  forms,  cither  one  whose  niovemcut$ 
arc  eHected  by  a  lever,  or  else  i«o  cuiiDtructed  that  the  up  anil 
down  motion  is  produced  by  a  ruck  and  pinion,  aud  that  from 
side  tu  fide  by  a  screw,  whose  axis  is  uu-ricd  acro&H  to  tlie 
opposite  side  of  the  stage,  and  there  can  be  turned  by  the  left 
band.  The  lever  stage  is  represented  aa  attached  to  the 
instrument;  this  is  eunstructcd  after  the  plan  of  that  of  Mr. 
Alfred  White,  and  described  by  him  in  Vol  I.  of  the  Tratu- 
actioris  of  the  Microacopical  Society.  It  consists  of  three  plates 
of  brass,  the  lower  one  of  wliith  is  fixed,  and  tlie  other  two 
pro\ide<l  with  certain  duve-tJiiled  gtiidee  and  slides,  so  that 
the  ujipcr  one  may  bo  moved  by  a  lever,  either  independently 
of  tlio  middle  one,  or  else  be  carried  along  w^ith  it.  ITie  lever 
U  seen  at  O;  it  is  about  five  inched  long,  and  is  loaded  with 
mct4d  at  \iA  upper  part,  so  as  to  balance  the  weight  of  the 
stJige-plate,  aud  at  its  lower  end  is  pruvide<l  with  a  ball  work- 
ing in  a  socket  connecteil  tvith  the  upper  plate;  about  an 
inch  higher  up  1:^  another  ball  working  in  a  socket,  P,  in  a 
small  arm  connected  with  the  supimrt  of  the  compound  Ixnly, 
C  C.  The  duvftail  guides  of  the  midillu  stage-plate  arc 
arranged  liorizontally,  whiUt  those  of  the  upper  plate  are 
placed  vertically;  when,  therefore,  the  lever,  o,  is  moved 
either  to  or  from  the  supimrt  of  tlie  compound  body,  both 
etage-plutes  will  move  horizunlally  in  the  op|JoaJte  direr.tion, 
but  when  the  lever  is  moved  in  a  line  parallel  with  the  side  of 
the  same  support,  then  only  the  upper  one  la  moved;  and  as 
the  end  of  the  lever  to  wliich  \}w  haml  is  applied  moves  in  all 
caaes  in  an  opposite  direction  to  that  of  the  ball,  a,  and  as  the 
compoun*!  microsroiHi  always  inverts  the  imi^e  of  the  object 
under  i-xanmuLtion,  the  iibject  will  appeiu*  to  move   in   the 
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IBMBtion  of  the  hand.  The  object-plate  is  provided  with  a 
spring  clip,  N,  capable  of  being  slid  up  and  down,  and  of  being 
turned  upon  the  upper  plate  of  the  stage,  and  is  always  moved 
witli  iL  To  tlie  under  aide  of  tlic  stiige,  the  dinpliragm,  R,  is 
seen  attached.  Mr.  Whito'a  lever  stage,  of  whicli  the  above 
described  is  R  niudilicatiou,  is  represented  by  fig.  4R,  as  fixed 
for  use  to  the  lower  end  of  the  arm  supporting  the  compound 

body.  The  rairror,  S,  is  of 
Ini^C  size,  and  is  mounted  on 
a  tube,  W;  it  lias  plane  and 
ooncavo  reflecting  eurfacce; 
the  frame  is  supporteil  by  a 
ecinicircnlar  piece  of  bi-ass,  T, 
witti  two  pins  for  it  to  turn 
on,  at  U  is  a  joint  on  wliicli  it 
can  be  moved  horizontally,  and 
at  V  another  joint  for  turning 
it  away  from  the  axis  of  the 
instrument,  so  that  very  ob- 
lique light  may  be  sent  through 
the  hole  in  the  etago,  and  by 
means  of  the  short  tube  it  may 
be  slid  up  and  down  on  the 
support,  W.  In  tlie  arm,  C  C, 
may  be.sccn  two  sqimre  holes, 
rf  d,  into  theac  the  supports  of  the  side  reflector  and  of  the 
small  condensing  lens  arc  made  to  fit,  and  are  kept  firmly 
fixed  by  the  !»crcw8,  D  D. 

To  this  instrument,  if  preferred,  another  stage  may  be 
fitted,  as  exhibited  in  VXatc  3,  fig.  2,  where  A  represents  part 
of  the  large  arm  for  aupixirting  the  compoimd  body,  B  oue  of 
the  pilhire,  C  the  joint,  and  D  the  tube  for  the  mirror.  The 
stage-plate,  E,  carrying  the  object-plate,  F,  is  moved  from  side 
to  side  by  the  millctl  head,  G,  connected  with  a  screw,  whose 
axis  pa«fC!i  through  to  the  opimsite  side  of  the  stage,  where 
there  i?  another  milled  head,  and  up  and  down  by  a  rack  and 
pinion  (connected  with  the  milled  head,  II. 


Fig.  46. 
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UE8SSA.  BMrm  ASU  beck's  8UA1XER  ACBBOIfATiC 
COMPOCND  HICB08C0PE. 

Thia  instrument  is  represented  in  Plate  4,  fig.   I ;   it  it 
mounted  on  tliree  feet,  AAA,  capable  of  beii^  closed  to- 
gether; into  a  circular  plate  attached  to  thcM  feet  ia  screwed 
a  pillar,  B,  Imving  a  cradle  joint,  C,  at  its  upper  port ;  to  the 
joint  is  attached  a  bent  arm,  D,  grooTe<l  like  that  of  the  lacger 
instrument,  and  t^up^wrting  in  a  similar  nuvDncr  the  conipound 
body,  Ct,  the  triangular  guide  and  nu'k  being  seen  at  E.    The 
milled  heodis  F  F,  arc  for  the  coarse  adjustment     To  the 
bottom  (if  tlic  compound  Inxly  there  ib  attached  a  small  tut>c, 
into  the  lower  end  of  which  the  object-gUases  are  screwed, 
and  to  it«  upper  end  a  lever,  the  abort  extremity  of  whoeo 
long  end,  I,  id  capable  of  being  moved  up  and  down  by  the 
nut,  K,  working  on  the  acrew,  H,  and  eo  forming  the  6nc  ad- 
justment ;  the  tube  is  kept  tight  against  the  nut  by  a  spring, 
which,  when  the  object^laes  U  accidcutally  brought  in  contact 
with  any  object  on  the  stage,  allows  of  its  retreating  for  a 
Bliort  distance,  and  in  most  coses,  prevents  cither  the  object 
or  the  object-glass  itself  from  being  fractured,  hence  it  boa 
obtained  the  name  of  the  safety-tube.     To  the  lower  end  of 
the  arm,  D,  the  utagc,  K,  is  screwed;   this  conaitits  of  two 
platen,  which  are  capable  of  being  moved  in  two  directions  at 
right  angles  to  eacli  other,  by  racks  and  pinions  connected 
with  the  milled  heads,  M  M,     The  object-plate,  Ij,  is  pre- 
cisely Bimilar  to  that  in  the  preceding  instrument,  and  to  the 
under  side  of  the  stage  all  the  usual  ap|Miratu8  may  bo  fixed. 
The  mirror,  N,  is  mounted  in  the  ordimiry  way  upon  a  semi- 
circular trame,  O,  having  a  pin  [lasaing  throi^h  a  piece  of 
cork  in  the  end  of  the  tube,  P,  on  lliia  it  cau  bo  turned  hori- 
zontally.    To  render  this  a  cheaper  instrument,  Uie  stage 
shown  at  fig.  2  may  be  substituted  for  the  adjustable  one,     A 
represents  part  of  the  ann  «itiip]xirting  tlie  compound  body,  B 
a  |iiate  of  bra^  attachetl  by  screws  to  the  lower  end  of  tlie 
same  arm,  C  tlic  joint  at  the  upper  [uirt  of  the  pillar.     L'imu 
the  pkie  B  is  (•upportod  the  objcct-pLite,  D,  capable  only  of 
being  moved  by  the  fingers  in  two  directions,  the  one  vcrti- 
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cftl  and  the  other  circular.  On  account  of  the  feet  folding 
together,  this  microscope  can  be  packed  in  a  flat  box,  the 
thickneaa  of  which  ia  regiilatcd  by  the  breadth  of  the  stage. 
When  more  portable  and  Uiss  exjHinsive  staaild  are  required, 
the  two  following  deserve  especial  notice. 


I 


USmSR.  SMITH  AND  BECK  8  ACHROMATIC  COMPOUND 
MICROSCOPES  FOR  STUDENTS. 

Fig.  1,  PUte  5,  rcpreacnts  the  largest  of  thcac  instnimenta. 
The  baec  is  composed  of  bra&i,  cast  iu  one  piece  ;  it  atonde  nn 
three  feci,  A  A  A,  from  which  proceed  the  two  flat,  upright 
cheeks,  B  B,  having  a  trunnion  joint  at  C,  on  which  the  stage 
and  the  compound  body  are  capable  of  being  turned.  Into 
tlie  plate,  H,  is  screwed  a  stout  tube,  L,  upon  wtiich  sUdes 
another  tube  supporting  tlie  straight  arm,  M.  This  Wt  is 
ploughed  out  iu  the  game  manner  as  tlic  arm  in  the  larger 
instruments,  and  the  compound  body,  N,  resting  on  the  guides, 
O,  ie  moved  up  and  down  it  by  turning  the  milled  head,  1*. 
Withiu  the  tube  at  L,  to  which  also  the  ami,  M,  ia  attached, 
id  situated  a  spiral  spring,  tliat  keeps  the  arm,  ]Vf,  always 
firmly  in  contact  with  the  plate,  I;  against  this  last  the  line 
screw,  K,  with  a  gnuliiated  milled  head,  presses;  when  the 
ecrcw  is  turned,  both  the  arm,  M,  aud  the  compound  body- 
are  niove<l  slowly  up  or  down,  fonning  the  fine  adjustment. 
The  spring  ie  prevented  from  forcing  the  arm,  M,  out  of  the 
tul>e,  L,  by  a  stop  situated  just  above  the  milled  head,  K, 
which  is  not  reprewntod  in  the  figure.  The  stage  is  a  plate 
of  brass,  about  four  inches  l<mg  aud  two  inches  wide,  having 
dove-tail  grooves,  in  which  the  frame,  G,  for  hoUliiig  the  ob- 
jects, slides  up  or  down,  it  being  readily  moved  by  two  small 
handles  projecting  irom  it ;  one  of  the  en<ls  of  the  fnime  is 
provided  with  a  socket,  F,  for  tlic  reception  oi'  the  forceps  and 
other  instmment«.  The  mirror,  I),  is  mounted  in  the  usual 
manner  on  the  semicircle  of  bniss,  E,  and  is  capable  of  being 
turned  on  a  large  pin  fitting  into  the  end  of  the  tube  which  is 
attarhe<l  to  llie  under  surliioc  of  the  stage. 

The  second  microscope  is  constructed  much  on  the  same 
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plan  as  the  laet  described,  bnt  is  much  smaller,  and  only 
capable  of  being  used  in  the  upright  poeition;  it  is  repre- 
sented by  fig.  2.  The  etand  is  supported  on  three  feet, 
A  A  A4  luLving  two  flat  upright  checks,  B  B,  connected  with 
tbcm,  to  the  top  of  these  the  stflgc-plate,  D,  is  fixed.  The 
lube,  G,  is  scrtweil  into  Uie  upper  euiface  of  the  8tafre-]tlate. 
Within  it,  as  in  the  larger  instruments,  a  smaller  one  slides, 
having  tlic  arm,  11,  eupporUng  the  tube,  I,  connected  with  it 
Through  the  tube,  I>  slide?  Tcry  smootlily  up  and  doim  the 
eompoimd  body,  L,  carrying  the  eye-pieces  and  object- 
glasses;  tills  forms  the  coarse  adjustment,  whereas  the  fine 
adjustment  is  made  by  turning  the  screw  with  milled  head, 
K,  wliich  citiier  raises  or  depresses  the  arm,  U,  and  tlic  entire 
compound  body,  L  I,  with  it,  in  the  same  manner  as  ww 
described  in  the  preceding  instrument  A  diaphnigm,  K,  is 
fitted  into  the  bottom  of  the  stagc-platc.  The  mirnjr,  C,  is 
supported  on  truDnions  working  in  the  front  port  of  the 
cheeks,  B  B ;  but  having  only  a  circular  movement,  hence  it 
is  required  that  the  light  to  ilhiminatc  objects  shotUd  be 
always  iu  front  of  it  A  stand  of  this  description  is  ex- 
ceedingly useful  for  keeping  on  the  table  where  dissections 
ore  going  on,  as  BmoU  portions  of  the  different  tiseuca  can 
readily  be  placed  under  a  quartcivof-an-inch  objcot-ghtss,  and 
be  examined  as  they  are  removed,  the  ^hortnei^  of  the  stand 
allun-ing  of  its  being  used  witliout  much  trouble ;  and  almost 
all  objects,  for  temporarj*  purposes,  being  mounted  in  fluid 
between  glosses,  they  are  apt  to  slip  down  when  placed  on 
the  stage  of  an  inclinc<l  instrument;  and  as  all  the  large 
microecopeB  arc  too  high  to  be  used  on  a  tabic  at  which  dis- 
Bcclions  arc  carried  on,  n-ithout  either  being  inclinc<l  or  the 
dissector  being  obliged  to  get  up  from  his  seat  every  time  an 
object  placed  between  glasses,  with  or  without  fluid,  is  re- 
quired to  be  examined  in  the  horizontal  position,  this  little 
instrument  b  extremely  useful  fur  these  piu^>oscs,  and 
two  such,  one  proridod  with  n  power  of  forty,  the  other 
with  that  of  two  hundred,  should  be  always  at  hand; 
they  arc  most  efficient  working  t(K>I»>,  the  cost  of  each 
without  glasses  uut   exceeding    £3.      The    eUdiiig    up    and 
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<lown  of  the  body,  L,  in  the  outer  tube,  I,  forma  a  very  good 
cairse  ndjustment,  whilst,  after  the  object-glaas  ha^  been 
brouglit  sufficiently  near  the  object  by  this  means,  the  fine 
will  anttWL-r  for  the  remainder.  Th«  height  of  this  instrii- 
mcnt,  when  the  compound  body  and  draw-tube  are  shut 
down,  is  not  more  than  eight  indies,  and  it  la  not  much  Um 
large  to  lie  carrietl  in  the  coat  pocket.  With  all  tliese  micro- 
scopes the  u»ual  accessory  instruments  ore  anpplicd  if  re- 
quired; many  of  them  differ  in  «jme  points  of  construrtion 
from  those  both  of  Messrs.  Powell  aud  lioss,  and  with  them 
will  be  fully  described  iu  the  chapter  devoted  especially  to 
tlie  consideration  of  these  siibjertA 

Before  concluding  this  chapter,  the  author  would  direct  the 
attention  of  his  rea<ler9  to  the  compound  mitroscojMis  of  Afr. 
Pritchard,  fully  described  iu  the  Inst  edition  of  his  Microscojnc 
IliuitrfUitms,  where  will  also  bo  found  full  <liret.'ti(ina  for  the 
(Tonstniction  of  proper  atan<ls,  and  the  methods  of  iising  the 
various  uiicroscopes  and  the  pieces  of  npjmratus  supplied  with 
them,  with  numerous  illustnitiona  to  ex[ilain  the  same,  all  of 
which  subjects  will  rejmy  an  attentive  perusal 

A  compound  microecopo  constructed  by  Mr.  Varley,  and 
descrilxd  by  him  In  the  fifty-fiftli  volume  of  the  Tram- 
action*  of  t}te  Society  of  Arix,  a»  the  SintfU  Lfwr  Micro.wo/fTf 
here  also  requires  C8i>ecial  notice.  This  instrument  is  repre- 
sented by  fig.  47,  one-third  of  the  real  size,  and  consists  of  a 
hollow  foot,  somewhat  like  tlmt  of  a  bird  in  shape,  from 
wtuch  a  stout  pillar  rises,  having  at  its  top  a  thick,  flat  disc 
of  brass,  a,  with  a  central  hole ;  to  this  the  microscope  is 
joined  by  means  of  a  strong  block,  A,  whose  face  is  tumeil  to 
fit  against  it;  a  centra)  screw  passes  through  the  hole,  aud  all 
the  imporfcuit  part*  of  the  iiistniment  are  kept  fast  to  the 
block  by  the  screw  nut,  c.  Through  the  block,  A,  slides  the 
long  rod,  rf,  gainst  whicli  a  saddle  is  placed  for  tlie  screw,  e, 
to  bind  it  fast  at  any  height.  To  the  sjimo  block,  f>,  the  back 
plato  of  the  stage,  ^,  is  fastened;  from  this  is  given  oft'  the 
arm,  r,  which,  in  connection  with  tlic  shorter  anus,  7  y,  sup- 
ports the  fulcrum  of  the  lever,  *,  having  attached  to  it  two 
balls,  the  lower  one  of  which  works  between  two  plates  at  p, 
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any  direction,  and  eo  more  the  stage  tlie  reduced  qunntity,  which, 
in  thia  oaw,  ia  as  one  to  six.  To  enable  both  sides  of  tlie  stage- 
plate,  A,  to  move  simultaneously,  a  parallel  motion  \a  added, 
one  of  the  rods  of  which  is  seen  at  m,  IMiichevcr  way  tlie 
balls  and  sockets  move,  the  stage-plate,  h,  obeys  their  mo- 
tions, and  an  obacrvcr,  with  the  lever  in  lua  hand,  may  follow 
the  course  of  any  living  object  By  an  error  on  the  part  of 
the  artist,  fig.  47  is  reversed ;  the  lever  should  be  on  the  right 
hand. 

To  the  lower  (lart  of  the  stage  ia  fitted  either  one  of  Mr. 
Varlqr's  dark  chasabcrs,  or  a  Wollaeton  condenser:  Mr. 
Variey  prefers  the  former,  as  it  ia  more  free  from  colour.  At 
the  lower  part  of  the  tube,  z,  into  wluch  the  rod,  rf,  slidce,  ia 
seen  the  mirror ;  this,  as  in  Mr.  Powell's  microscopes,  ia 
mounted  on  a  hcnt  arm,  and,  if  necessary,  by  means  of  a 
sliding  tube,  may  be  moved  up  or  domi  the  tube,  z.  The 
tube  of  the  compound  body,  1,  is  mounted  by  means  of  a  hollow 
case  or  troujjh,  2,  having  two  arms,  7,  upon  the  rod,  d,  and  is 
kept  firmly  fixed  in  any  position  by  means  of  a  screw  witli  a 
milled  head  and  a  bent  epiing.  To  the  back  of  the  tube  is 
soldered  a  rack,  tbJs  is  connected  by  two  saddle-pieces,  3,  with 
a  bar,  4.  A  pinion,  held  in  a  spring,  made  of  plate-brass,  as 
wide  as  the  trough,  is  attached  by  a  screw  to  its  Inner  side, 
and  tlie  milled  heads  which  turn  the  pimim  are  seen  on  each 
side  of  the  same  trough ;  by  either  of  these  the  coarse  adjust- 
ment is  effected.  Through  tlie  upper  part  of  the  tube,  1,  sli<les 
that  part  of  the  compound  body  which  supports  the  oye-piccc, 
and  to  the  lower  end  is  attaclicd  a  bent  arm,  through  which 
works  the  milled  head-screw,  12;  above  this  is  another  bent 
ann  connected  with  a  smaller  sliding  tube  bearing  the  object- 
gUaaoe;  within  this  tube  is  a  spiral  spring,  the  action  of  whicli 
causes  the  tube  to  be  pushed  out,  but  ttiis  is  prevented  by 
the  long  arm  of  a  lever,  1 1,  against  which  the  screw  presses. 
.When  the  screw  therefore  ia  turned,  the  arm,  11,  ia  either 
or  deprcsecd  slowly,  and  by  this  the  fine  adjustment  is 
accomplished.  A  condensing  lens,  27,  is  most  conveniently 
held  by  a  moveable  arm ;  the  curve,  29,  and  joint,  30,  allow  it  to 
be  moved  to  or  firom  the  stage,  either  vertically  or  horizontally. 
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80  OB  to  suit  every  purpoaa  For  convenience  ctf  package,  or 
for  applying  Mr.  Varley'e  graphic  eye-piece  to  this  inetra- 
ment,  the  cuin[>ound  body  iind  ita  Biipportf,  7,  may  be 
removed  from  the  rod,  d,  and  the  rod  itself  niny  be  dnnvn  out 
of  llic  tube,  ;,  so  08  to  allow  of  any  object  not  more  tlian  three 
inchcB  thick  being  cxiimincd  imder  n  lens  of  two  inches  focus. 
Amongst  otiicr  adviintiigett  in  thiH  microtK*0]>o,  ttierc  ia  »dded 
to  it  a  email  piece  of  apparatus,  by  wMch  a  phial  Imping 
chani  growing  in  it,  or  nm'ni.alculc?  adhering  to  it*<  inner  sur- 
face, may  be  examined  in  a  vertical  {ho^tion :  many  of  thcec 
last  would,  in  all  prolmbility,  be  shaken  off  if  the  phial  were 
turned  about  when  inclined.  Abo,  by  the  addition  ol'  tliu 
graphic  eyo-picce,  the  tracing  of  all  kinds  of  object*",  whether 
magnified  much  or  little,  ca.n  be  readily  accomplished.  The 
price  of  this  microecope,  excluaivo  of  the  nbject-glaftaefs  varies 
from  £20  to  £30.  Another  very  excellent  form  of  micro- 
ecoi>e  is  that  conBtnict-ed  by  Mr.  Dancer,  of  43,  Crofw-street, 
Manchester;  it  is  reprcecnted  by  fig.  48,  and  consists  of  a 
fimi  trijKxl  of  brass,  from  which  rise  two  i»lout  pillars,  bearing 
at  their  upjwr  extremities  the  trunnions  that  support  a  eUghlly 
curved  arm,  to  which  the  stage  and  compound  body  are  at- 
tached, somewhat  after  the  plan  of  that  of  Mr.  George 
Jackson.  Tlic  compound  body  itself  consists  of  two  tubes, 
the  outer  one  Ijcing  attached  to  the  arm  by  two  saddle-pieces 
with  screws ;  this  tube  is  sprung  at  either  end,  and  within  it  a 
smaller  one  can  be  moved  up  and  down  by  rack  and  pinion, 
turned  by  a  large  milled  head ;  this  forma  the  coarse  adjust- 
ment, whereas  the  fine  is  effected  by  a  pliin  of  Mr.  Itosa, 
Ytz.f  by  ft  lever  attached  to  tlie  small  tube  carrj'ing  the 
objeot-glai&ies,  which  ts  moved  citlicr  up  or  down  by  a  fine- 
threadcil  screw.  The  stage  is  about  four  inchea  long,  and  two- 
ond-a-iialf  broad,  and  on  it  slides  an  ubjcct-plate  longer  tlian 
the  stage-plate,  but  about  half  its  breadth.  To  the  ftx>nt  of 
the  stage  may  be  fixed  the  forceps  and  a  large  condensing 
lens,  if  necessary.  The  mirror  is  of  the  iwual  form,  and  is 
cajiablc  of  being  moved  up  or  down  the  tube  that  connects  it 
witli  the  under  surface  of  the  stage,  and  can  also  be  incJined  at 
any  angle.     With  this  microscope,  Mr.  Dancer  supplies  the 
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proveraenU  in  the  stand  of  his  instnimonte;  the  compound 
body  u  now  nuiuntcd  upon  a  plan  eoiiiowhat  like  that  of 
Messrs.  Smith  and  Beck ;  it  slides  up  and  down  in  a  dove- 
Uiilud  groove  in  the  arm,  but  the  dove-tail  is  tunicnl  the  reverse 
way ;  tta  extent  of  motion  is  much  increased,  so  that  tlie  loneet 
powers  may  he  cmployeil,  and  two  milled  hca(]s  ini^tead  of 
one,  as  heretofore,  have  been  adapted  to  tlie  rack  movement. 
He  lias  alt«>  added  the  moveable  stage,  n::pre8cutc<l  in  tig.  48,  and 
increased  the  angle  of  aperture  of  the  twoinch,oneinch,and  half- 
inch  object-glaas  to  the  same  extent  as  tlioac  of  Mett^rti.  I'owcU, 
Koss,  and  Smith,  so  as  to  render  them  capable  of  being  used 
with  the  ordinary  long  compound  bodice  and  eye-pioccs  of 
high  power. 

Mr.  Pillischer  has  been  a  nmnufactnrer  of  microecopea  in 
ihia  nietro[iuIis  for  tlie  Iai<t  four  years;  he  supplies  three  kinds 
of  standi  The  first  and  most  complete  of  these  is  i-epresentc*l 
by  fig.  49 ;  it  cotiHisti*  of  a  6rm  tripod  of  bras«t,  A,  similar  to 
that  of  Mr.  Ross,  in  Plate  1 ;  to  this  are  fixed  the  two  curved 
supports,  B  B,  of  a  stout  plate,  capable  of  being  turned  on 
two  trunnion.s  one  of  whldi  is  seen  at  C.  Tins  plate  forms 
the  under  suriacc  of  the  stage,  T,  and  to  it  is  firndy  fixed  the 
bent  arm,  D,  snpix>rting  the  compound  bo<lv,  which  last  slides 
in  a  dove-tailed  groove,  aflcr  the  plan  of  Mr.  Jaokaon,  and  is 
moved  up  and  down  by  rack  and  pinion.  Tlicre  is  a  draw- 
tnbo  in  the  compound  body  at  F,  immediately  below  the  eye- 
piece, tx ;  the  coarse  adjustment  \jf  made  by  two  large  millc<l 
beads,  one  of  wliich  ia  seen  at  E ;  the  fine,  as  scon  at  11,  by  a 
screw  acting  on  the  end  of  a  lever,  a  plan  firft  ailoptcd  by 
Mr.  Rosa,  The  stogc,  I,  is  on  TurreU's  plan,  but  by  a  con- 
tri^'ancG  of  Mr.  PillischcrV,  it  is  considerably  reduccfl  in  thick- 
ness :  the  two  rcctangulur  movements  being  effected  by 
turning  the  milled  hewK  K  L,  the  latter  having  a  corre- 
sponding milled  head  on  the  opi>of>ite  side  of  the  stage.  The 
mirror,  i^I,  is  of  the  usual  construction,  and  slides  up  and 
down  a  tube  attached  to  the  under  surface  of  the  stage-plate. 

A  second  mion>saipc  for  students  hoA  a  foot  and  uprights, 
the  same  .is  the  latter  microscopes ;  the  support  for  the  com- 
pound body  is  a  bent  arm,  to  which  ie  attached  a  tube,  about 
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Fig  49. 

four  inches  in  length,  through  which  the  comi>ound  body  is 
moved  by  a  rack  and  pinion,  as  in  the  microscope  represented 
in  fig.  48,  but  the  rack  is  not  exposed.     There  is  no  fine  ad- 
7* 
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juBtmcnt;  the  stage  ronsiata  of  the  usual  sliiling^-pbite,  which 
may  be  moved  up  and  down  by  the  fingers^  or  by  a  lever, 
,  aflor  the  author's  plan ;  the  under  surface  of  the  stage  is 
supplied  witli  a  diaphrogui. 

Another  microscope,  maxlo  hy  Mr.  Pillischer,  is  contained 
in  a  box  Bcveii  inches  long,  by  four  inches  broad,  and  two-and- 
n-half  inches  deep;  this  Viox  forms  the  foot,  and  into  the  cover 
screws  a  tube,  three  quarters  of  an  inch  in  diameter  and  six 
inches  in  lenjjth,  having  another  tube  sliding  within  it  capablo 
of  being  moved  up  awl  down  slowly  by  means  of  a  fine  screw ; 
to  this  tube  is  attached  a  strong  ann,  tn  which  the  com^wund 
body,  six  inches  in  leuglli,  is  screwctl;  the  compound  body  ia 
also  composed  of  two  tubes,  and  Iwfore  being  used,  the  inner 
one  is  draiivn  out  two  inches,  to  make  it  the  usual  length. 
The  stage  is  of  an  oblong  square  figurt*,  and  one  of  its  odges 
id  furnished  with  a  tongue~|>iccc  to  slip  into  a  ^ot  attached  to 
a  abort  piece  of  tube  which  slides  up  and  down  the  main 
stem,  and  so  forms  the  coarse  adjustment.  The  mirror  is 
situated  at  the  bottom  of  the  stem,  and  is  mounted  in  tho 
usual  manner.  This  instruiiiont  will  answer  for  all  tlic  pur- 
poses for  which  an  ordinary  microscope  can  be  nsed,  cither  in 
the  inclined  or  vertical  position,  the  inclination  being  given 
by  opening  the  cover  and  keeping  it  in  one  place,  by  means 
of  two  long  hooks.  The  low  price  and  portability  of  this 
instrument  arc  its  principal  recommendations. 

Although  the  microscope  Htanda  of  Mr.  Pillischer  do  not 
differ  ver^-  materially  in  external  form  from  those  previously 
described,  yet,  from  being  very  simple  in  their  construction, 
he  is  enabled  to  furnish  them  at  a  rather  cheaper  rate  tlian 
those  manufactured  by  tlie  more  celebrated  opticians.  The 
author,  however,  from  what  he  has  seen,  can  speak  well  of  the 
uiauncr  in  which  the  work  is  executed,  and  thinks  that  of 
the  microscopes  manufactured  in  this  metropolis,  the  stands  of 
Air.  Pillischer  arc  next  in  point  of  nterit  to  those  of  Messrs. 
Powell,  Ross,  and  Smith. 

Mr.  King,  of  Bristol,  lias  been  for  some  years  a  maker  of 
the  stands  of  aclironmtic  microscoi>e8;  he  usually  supplies  two 
kinds,  one  very  similar  to  that  of  Messrs.  Powell  and  Lea- 


Tire  couPouHD  microscope. 

land,  rcprcacnted  in  Plate  2,  the  other  somewhat  like  that  of 
Mr,  RosSj  in  fig.  45.  l*he  fintt  ia  tlie  liirgest  and  mo^t  com- 
plete; it  is  supported  on  three  inclined  lejr^,  nsf  in  Plate  2, 
but  the  iuimIc!  nC  mutintiug  the  comp^mnd  bmly  i^  like  tliat  in 
Pktc  1,  and  tiie  fine  odjui^tment  is  placed  on  the  top  of  the 
arm,  not  uu  one  aide  as  in  Plate  2.  To  this  insitrunient  may 
be  applied  all  the  usual  apparatus,  moveable  etage,  achromatic 
condeniier,  &c.,  with  which  other  first-rate  microscopes  arc 
fiimished.  The  second  microscope  is  smaller  than  tbo  pre- 
ceding, and  ia  intended  chiefly  for  students  In  fomj  it  is 
very  similar  to  that  represented  in  fig.  45,  but  the  uprights 
to  support  the  stage,  which  is  nf  large  sizt;,  ore  shorter ;  and 
it  is  not  generally  provided  witli  stage  movements  or  fine 
adjustment 

Mr.  King  makes  no  claim  to  originality  in  the  foiin  of 
stands  he  adopts,  but  has  selected  what  he  deems  the  best 
points  of  construction  in  those  of  the  first  London  makers. 
Tlie  author  can,  however,  highly  commend  the  manner  in 
which  the  work  is  executed. 

Report  speaks  well  o(  the  stand  of  the  achromatic  microscope 
constructed  by  Mr.  Abrahams,  of  LIverpcwl,  which  very  much 
resembles  that  of  Mr.  Ko^s,  in  fig.  45.  The  stage  employed 
in  tliia  microscope  has  either  a  rack  movement  or  is  one  after 
the  plan  of  the  author,  in  which  two  levers,  capable  of  being 
removtHi,  are  ui«e<l  to  give  motion  in  two  opposite  directions. 
Mr.  Abrahuins  nW>  supplies  a  lenticular  achromatic  prism,  us 
K  substitute  for  the  mirror  and  condenser. 

POREION  MICROSCOP£& 


For  the  information  of  such  of  his  readers  as  may  be 
desirous  of  knowing  what  difference  of  constntetion  exists  be- 
tween EngUsh  microscopes  and  those  employed  on  the  con- 
tinent, the  author  Ima  thought  it  advisable  to  flcwribe  the 
forms  of  stand  manufactured  by  some  of  the  mtwt  upjiroved 
foreign  opticians.  Amongst  tliese  I'loesel  and  Schick,  of 
Vienna ;  Pistor,  of  Berlin  ;  Chevalier,  Oberhauser,  and 
Nachet,  of  Paris,  deserve  especial  menli<m. 


Fig.  50. 


THE  COMPOUND  MICROSCOPE. 
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consuta  of  a  etoiit  pUlar  of  brass.  A,  eupjHirttid  oa  tlu-cc  feet, 
B  C  D,  and  having  at  its  upper  piu-t  a  cradle  joint,  K,  to 
which  ie  attached  a  triangular  Ixir  of  etcci,  F,  upon  which. 
slid<:3  the  flUp|>ort,  (t  I^  of  the  coiupuuud  body,  K,  iiiid  tlmt  of 
the  stage,  N.  The  coar»e  adjustment  k  mode  by  the  milled 
head,  11,  by  which  the  compound  body  is  raised  or  depressed 
on  the  tiinngular  bar ;  but  the  fine,  by  a  long  screw,  L,  having 
a  nut,  M,  attaclied  to  the  sup^wrt  of  the  stage,  N,  the  adjust- 
ment being  etTeeted  by  musing  or  lowering  the  stage.  The 
mirror,  O,  ia  of  the  usual  construction.  * 


MICROftCOPE  OF  PISTOK. 

The  microwopo  of  Pistor,  oa  scon  in  fig.  51,  stinda  ou  three 
feet  of  brass,  A  13  C,  capable  of  being  folded  together;  these 
support  a  long  atcel  bar,  D  E,  upou  which  the  tube,  F, 
carrying  the  curved  ann,  (1,  supporting  the  compound  body, 
n,  is  made- to  slide  by  raising  or  depressing  tJie  handle,  I; 
this  foniijs  the  coarse  adjustment.  Thn  fine  adjustment  is 
eflected  by  the  milled  head.  L,  acting  on  a  screw  ut  the  upper 
part  of  a  steel  ro<l,  K,  which  parses  through  a  block  of  brass, 
M,  attaclied  to  the  bacJt  part  of  tlie  trlanguhir  tube,  F;  to  the 
lower  jHirt  of  this  rod  is  fixed  a  nut  with  a  spind  spring,  P, 
and  above  it  is  another  block  of  bms:*,  i^,  attached  to  the 
back  of  the  triangular  bar;  over  this  is  seen  another  piece  of 
brass,  R,  capable  of  being  moved  up  and  down  the  steel  rod 
by  llie  handle,  H  The  two  milled  hciuls,  N  O,  serve  to  keep 
secure  tlie  blocks,  M  K,  to  the  ro»l,  K ;  when  tlmt  at  N  is  un- 
screwed, the  tube,  F,  and  with  it  the  compound  body,  are 
capable  of  being  moved  up  and  down  the  bar,  so  ns  to  form 
the  coarse  adjustment;  but  wheu  the  steel  rod,  K,  is  fixed 
to  the  block,  M,  by  the  screw,  N,  and  the  spring,  P,  is  kept 
stretched  by  the  block,  R,  and  screw,  O,  the  compound  body 
may  be  slowly  raised  or  depressed  by  the  nut,  1/,  which  fomis 
the  fine  adjustment.  The  stage,  T.  is  fixed  to  the  triangulur 
bar,  it  is  of  small  size,  and  has  two  diagonal  movements  by 
means  of  si^rcwa,  the  milled  heads  of  which,  V  W,  are  gra- 
duated into  one  hundred  parts.  Tlic  mirror,  X,  of  the  usual 
form,  is  attached  to  the  lower  cud  of  the  triangular  bar. 


v, 
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"With  this  mstniment  and  the  preceding  are  supplied  six 
object-glasses,  capable  of  being  employed  fiingly  or  three  at 
once  3  the  three  smallest  congtituting  the  hig^hest  pow&r. 


Fig.  ai. 


PEACTICAL  TBEATISE  OX  TUE  »ICROACOPE. 

(uirt  of  the  piece  of  bratu;  B  U,  le  fixed  a  aqiiaro  istom^  K  1^  tlio 
posterior  surface  of  which,  »-  r  r,  is  iiroviJud  with  a  rack,  hy 
means  of  which  tho  eiipporte,  G,  of  the  stage,  P,  aoJ  of  the 
mirror,  11,  can  be  raised  or  depressed.  By  this  means  the 
coorac  adjustment  ia  formed,  tlie  fine  being  cffecte<1  by  tlic 
screw,  L  L,  which  moves  the  etagc  up  or  down  without 
affecting  tlie  rack-work.  The  cum{>ound  body,  1>,  has  a 
draw-tube,  Q,  cajMible  of  being  moved  out  or  in  by  the  rack, 
K,  and  a  pinion  connected  with  tlie  milled  liead,  S.  This 
microscope  is  generally  used  in  Uie  position  represented  by 
£g.  52,  but  when  tho  tube,  M,  is  removed,  and  a  straight 
piece  to  carry  the  objcct-glasa  is  substituted,  it  may  be  con- 
verted into  a  vertical  micixjHcope,  by  means  of  the  joint  C  B, 
or  again  into  a  horizontal  one  by  the  joint  B  C ;  the  prism, 
in  o,  being  for  the  pnrp^iRe  of  bending  the  rayi-,  m>  that 
they  may  pass  through  the  compoiuid  body.  In  order  to 
know  when  tlie  stage,  P,  is  perfectly  horizontiil,  a  stop,  F,  is 
fixed  to  the  bottom  of  the  square  stem,  E  E.  The  mirror,  11, 
tike  tlie  stage,  can  be  raised  or  depressed  ou  the  stem  by  ruck 
and  pinion. 

THT!  VICBOSCOPE  OP  OBERIlArSEB. 

M.  Oljcrliauscr,  of  Purii*,  constructs  two  kinds  of  micro- 
scopes, one  for  dissection,  the  other  for  general  purjtoees. 
The  former  was  describetl  in  tlie  first  edition  of  this  work,  the 
latter  is  represented  by  fig.  53.  It  coD»sts  of  a  circular  foot 
or  base,  four  inches  in  diameter,  loitded  \vitli  lend ;  upon  this  is 
fitted  a  stout  lube,  two  iuehes  high,  on  wlilch  the  eUige  rest^ 
Thia  tube  lias  an  oblong  ojicning  in  front  for  the  light  to  fall 
on  the  mirror,  and  the  tube  itself  is  capable  of  being  turned 
upon  the  foot,  ami  the  Ptage  i\[K>n  it,  so  that  not  only  can 
tho  light  falling  upon  the  mirror  be  put  in  any  situatiun,  but  the 
stage,  and  with  it  tlie  object,  can  be  revolved,  so  that  rays, 
however  oblique,  may  be  thrown  upon  all  sides  of  any  object. 
To  the  stage  is  fixed  tlic  snpjwrt  of  the  compound  bo4ly,  in 
which  are  contained  the  adjustiuent^ ;  the  coarse  effected 
by  rack  and  pinion,  and  Uio  fine  by  a  screw.  A  very  coarso 
luyustmcnt  is  made  by  sUdiiig  the  cum|>ound  body  up  and 
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Fig.  C3. 

down  the  tube  into  wliich  it  fits.*  The  centre  of  the  stage  la 
made  of  bliwk  glass,  ground  very  amooLh,  wiiicli  looks  neat, 
and  is  not  easily  suUed  or  scratched. 

nachet's  atickoscope. 
The  form  of  gtand  adopted  by  M.  Xacbet,  to  whom  niicro- 
ecopiets  ai-e  indebted  for  several  ingenious  plecca  of  apparatus 
presently  to  be  described,  is,  in  niany  respects,  similar  to  tliat 
of  Obcrfiauser,  and  ia  represented  by  fig.  54 ;  the  chief  diffe- 
rence iu  the  base  of  the  stand  being  the  Icnj^i  of  the  tube,  F, 
for  the  purpose  of  adapting  the  sliding  frame,  T,  and  lerer,  L, 
Tlio  coarse  adjuBtmcnt  is  made  by  rock  and  pinion,  by  wliich 
the  ttibe,  B,  into  which  the  comjiound  body,  A,  slides  can  be 
moved  up  and  down;  whilst  the  fine  is  eft'ccted  by  tlie  screw, 

*  U.  Oberboiucr,  in  h'la  later  instruments,  h&a  doa^  ivuj  with  tite  rack 
nOTeskeot,  uid  has  placed  the  miUed  hojid  for  the  fine  adjiutiatint  ut  tlic 
bottom  of  the  support  of  the  comiKiuiKl  hoAy,  iiutcod  of  at  thi!  tup.  lie 
hu  ilao  lacreueU  ihu  Icugtb  of  tho  oompoaail  body. 


Fig.  54. 

be  moved  up  and  down  in  the  tube,  B,  but  can  be  taken 
away,  and  another  body  employed  for  the  purposes  of  diesec- 
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tion  may  be  snlietitutwl,  which  will  be  subsequently  described. 
The  black  glass  for  the  atagc,  and  the  mirror,  together  with  all 
the  motions  of  the  tube,  F,  upon  the  foot,  and  that  of  the  3taj»c, 
and  v^ntb  it  the  compound  body  upon  the  tube,  ai-c  all  ainiilar 
to  tboe$c  of  AL  OI>erliau£er,  but  tlie  mode  of  apijlying  the 
polarizing  appitratu»»  achromntic  condenser,  &c.,  beneath 
the  atage,  are  so  very  iu^^emuus,  as  to  require  a  separate 
de«cription. 

la  fig.  55  are  shown  the  gt^e  and  a  portion  of  the  tube  sup- 


^ 


Fig.  55. 

porting  the  same,  but  in  order  to  render  tlie  use  of  the  slide, 
T,  more  plain,  it  hjis  been  roprcseuteii  as  drawn  out  to  its 
fullest  extent  In  tlie  centre  of  the  slide  is  seen  the  tube,  V, 
which  is  capable  of  being  raised  or  depressed  by  the  lever,  L ; 
into  thia  tube,  the  polarizing  apparatus,  tlic  achromatir  con- 
denser, the  oblique  prism,  &c.,  arc  placed ;  the  slide,  T, 
being  pushed  in  as  far  as  it  will  go,  the  tube,  V,  is  then  im- 
mediately under  the  hole  in  the  stage,  O ;  in  tltis  position  tlie 
tube  can  be  raised  or  depressed  as  accurately  as  by  a  screw  or 
rack-work.  The  knobs,  E,  arc  for  the  purpose  of  drawing 
out  the  slide,  T,  the  hole  in  the  tube,  O,  is  to  allow  of  llie 
movements  of  the  lover.  By  this  arrangement,  any  kind  of 
condenser  or  the  iwlari^ng  apparatus  may  l>e  placed  under 
an  object  on  the  stage,  without  its  being  in  the  leaet  disturlied. 
To  this  niirro*:o[M;  M.  Nachet  adds  a  moveable  stage,  coinpuat'd 
of  a  aiiding-platc,  wlilch  is  mmie  to  move  by  two  wrews,  placed 
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diagonally,  a  curved  qmng  keeping  the  plate  in  contact  with 
the  sere wa.  This  8tag;e  lias  three  pieces  of  braae  projectiiig  from 
its  circumference  to  fit  over  the  edge  of  the  etage-platc  of  the 
microscope,  and  by  these  it  can  be  so  ele%*ated  above  the  etoge- 
platc,  as  to  allow  of  light  being  thrown  very  obUqucly  under 
any  object,  by  means  of  a  prism  invented  by  Amici,  wluch 
will  be  described  in  another  part  of  this  work.  The  workmon- 
aliip  of  this  instrument  ia  exceedingly  well  executed,  and  of 
the  continental  microscopes,  it  ie  certainly  one  of  the  most 
perfect  and  complete  in  all  its  jiarta.  The  author  is  indebted 
to  Mr.  Warren  De  La  Rue  for  the  loan  of  the  microscope  of 
which  Gg.  54  is  a  representation. 

The  object-glasses  supplied  with  all  the  above-described 
microscopes,  except  tho^  of  Messrs.  Powell,  Ross,  an<l  Smith, 
and  the  lowest,  viz.,  two-inch,  one-inch,  and  half-inch  of  Mr. 
Dancer,  arc  all  constructed  nearly  on  the  same  plan,  and  n'ill 
he  described  in  the  chapter  devoted  to  the  "  Magnitylng 
Powers." 

Having  notice<1  all  the  important  points  in  the  con- 
struction of  the  principal  EngHsli  and  foreign  microscope 
stands,  whereby  great  stcadinesB,  accuracy  of  adjustment, 
pttrtttbility,  and  other  valuable  requisites  have  becu  so  suc- 
ccBsfuIly  etirrifd  out,  our  attention  must  now  be  directed  to 
the  apparatus  that  may  be  added  to  any  instrument  to  render 
it  complete  fur  all  the  purposes  of  scientific  investigation. 


CHAPTER  in. 

ACCES80UV    mSTRniENTS. 

BE8n>E.s  the  object-glasses,  the  eyc-pioces,  and  the  mirror, 
ti}gpther  with  the  |wirts  constituting  the  stand  of  a  microsco] 
mi'h  n§  the  compouml  body  and  the  stage,  with  the  supports" 
and  wljustmcnts  for  each,  it  has  been  found  in  practice  highly 
essential  that  certain  other  instnmient^  should  bo  supplied. 
These  may  be  divided  into  two  classes;  first,  into  llioee  which 
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nrc  subecrvient  to  tlic  iilumtnation  of  objects,  and,  secondly, 
into  those  for  the  purpose  of  keeping  objects  in,  whilst  they 
;irt.'  being  examined,  or  for  preparing  them  fur  cxanii- 
nation.  Amongst  the  former  may  be  mentioned  all  the 
viirioiLS  kiudd  of  diaphragniis  condenik:r«,  illuiniuatorv,  po- 
larizing apparatus,  dark  welU,  &c. ;  and  amongst  the  latter, 
the  live  boxes,  aninudcule  cageis  fishing  tubes,  &c.,  all  of 
which  require  special  notice. 

Tiv  jyiaphTagm. — A  very  useful  pierp  nf  apparatus  applied 
to  the  under  surface  of  the  ntage  in  most  inieroscopca  is  the 
diaphragm,  repreeentctl  by  fig.  56  ;  it  consista  of  two  or  more 
plates  of  brass,  one  of  which  is  perfo- 
rated with  four  or  five  holes  of  different 
BJzes,  tlua  plate  ia  of  a  circular  figure, 
and  is  made  to  revolve  upon  another 
plate  by  a  central  pin  or  axis ;  this  last 
plate  is  also  proWded  with  a  hole  as 
lai-gc  as  the  largest  In  tlic  diaphragni- 
platr,  and  rorrt-j^ponds  in  Mituiition  to 
the  axis  of  the  tvompound  body.  To 
aacertiiin  when  either  of  the  holes  in 
the  dinphrajrni-plate  ia  in  the  centre,  a 
bent  spring  is  fitted  into  the  second 
plate,  and  rubs  against  the  edge  of  the 
diaphragm-plate,  which  is  provided 
with  notehes,  so  tliat  when  either  of 
the  lioles  is  brought  into  its  proper 
position,  the  end  of  the  spring  drops 
into  the  notch.  The  space  between 
the  largest  and  smallest  hole  is  greater 
than  that  between  any  other  two ;  this  answers  the  purpf»ge  of 
stopping  off  all  the  light  if  necessary.  The  diupliragm  is 
attached  to  the  under  surface  of  the  stage,  eitlicr  by  a  sliding- 
platc,  as  seen  in  the  figure,  or  by  a  short  piece  of  tube 
fitting  into  the  hole  of  tlie  stage,  and  itecurely  fixed  in  the 
proper  position  by  a  bayouet-juinL  The  fomicr  methoil  is 
atlopted  by  Mr.  Itoaa  and  Mr.  Smitli,  and  the  latter  by  Air. 
Powell ;    every  part  of  this  instrument  through   which   tlie 


rf^' 


«<! 


112 


PRACTICAL  TREATISE  ON  THE  MICROSCOPE. 


light  passes  ia  blafkened,  so  timt  do  other  rays  than  those 
fixwn  the  mirror  should  interfere  with  the  iUumination*  The 
uae  of  the  diaphrajrin  is  to  mmlify  the  rays  reflected  from  the 
nurror,  and  to  limit  the  angle  of  tlie  ^eneil  of  light  allowed  to 
fall  on  the  object  under  examination. 

When  a  very  bright  light  is  employed  for  some  time,  the 
eye  will  often  aulFtT  greatly  from  tuligue,  !md  when  token 
away  from  the  instnuncnt,  a  dark  Bpot  will  be  seen  upon  any 
object  that  is  white;  to  remedy  thia  inconvenience,  a  piece  of 
grey  or  neutral  tint  glaaa  mny  be  placed  over  the  hole  iu  the 
fixed  plate,  and  when  the  light  is  ^mased  through  either  of 
these,  it  tfi  so  very  much  softened^  that  the  relief  afforded  to 
the  eye  ia  truly  aatonlaluDg. 

Dark  Chamber. — This  instnuucnt,  like  the  diaphragm,  is 
fitted  to  the  under  surface  of  the  stage,  and  is  represented  by 
fig.  57 ;  it  consists  of  a  plate  of  brass,  c,  into  which  ia  BoldenMl 

a  short  piece  of  tube,  ha\-ing  a  dia- 

^^B  phragm  or  stop,  a,  in  which  is  an 

,^H  aperture  equal  in  area  to  the  field  of 

I^B. ,     view   of  the   lenp,   and   no   larger ; 

IJBBJ  below  this  is  a  sliding  tube,  6,  with 

an  aperture  rather  larger  tlian  that 
at  a;  tliiet  latit  can  bu  moved  up  and 
down  until  the  light  at  a  b  of  the  greatest  intensity,  tlie  aper- 
ture at  rt  being  alwnye  In  propoition  lo  the  size  of  the  lens 
employcil ;  tliia  instrument  is  the  contrivance  of  Mr.  Varley, 
and  is  described  by  liim  in  the  forty-eighth  rol.  of  tlie  7V<in«- 
actions  of  the  Society  of  Arts.  He  apijliee  it  always  to  his 
in«tnimen1s,  and  on  account  of  there  being  no  lens  in  its  con- 
structioD,  the  light  is  not  decomposed;  he,  therefore,  prefers 
it  to  tlie  WoUaston  light  for  a  windcnser.  It  is  always  em- 
ployed witli  lijs  pliial-holder,  and  will  be  ogaiu  alluded  to. 

H'oliaston  Condctaer. — This  instrument,  like  the  preceding, 
is  also  fitted  to  the  under  surface  of  the  t>tage;  it  consists  of  a 
short  tube,  in  which  a  planoconvex  lens,  of  about  tlu-cc-quar- 
tcrs  of  itn  inch  focal  Icugth,  is  made  to  slide  up  and  down ; 
tliis  up|iaratus  ia  repreaented  in  section  by  fig.  19,  or  as 
applied  to  a  microecopc  in  fig.  38,  where  the  lens,  set  in  n 
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frame,  is  moved  up  or  do\ra  by  two  small  Immllcs.  For  cor- 
rect  definition,  Dr.  Wollaston  employed  a  stop  immediately 
above  the  mirror,  between  the  mirror  and  tlie  lens,  but 
it  has  been  found  much  better  in  practice  to  apply  the  wtop 
between  the  lens  and  the  object ;  tliis  improvement  was  made 
by  Dr.  (joring,  and  by  it  the  length  of  tube  employed  la  not 
only  much  ehorter  than  that  su^eetcd  by  Wollaston,  but  the 
dcfmition  is  greatly  improved  by  the  arrangement.  Dr. 
WoUaston  states  that  "  the  intensity  of  illumination  will  de- 
pend upon  the  diameter  of  tlie  illuminating  leua  and  the  pro- 
portion of  the  image  to  the  perforation,  and  may  bo  regulated 
according  to  the  wish  of  the  observer." 

Achromatic  CouJenser.— The  condenser  of  "Wollaston,  just 
dcacribed,  although  a  very  great  iroprovement  over  the  ordi- 
nary methods  of  illuminatiDg,  is,  nevertheless,  to  a  certain 
extent,  faulty,  in  cou6ef|Ucnce  of  not  being  supplied  with  an 
achruuiatio  lens ;  to  remedy  this  inconvenience,  M,  Dnjardin, 
in  1 840,  contrived  an  instrument  which  he  termed  an  rctairatfe, 
for  the  purpose  of  illuminating  objects  with  achromatic  light ; 
a  modilication  of  tlila  apparatus  is  now  supplied  with  all  tlic 
best  microscopes,  and  is  known  as  the  achromatic  condenser, 
and  although  it  la  applied  in  difiereut  ways  to  tlie  micro- 
aoopes  of  our  three  eminent  makers,  it,  ncvertlieless,  consists  of 

three  ceecntial  porta ;  viz.,  an 
achromatic  cnnibination,  an 
adjustment  of  focxis  for  the 
same,  and  a  means  of  making 
j^jj^fl  the  axes  of  the  object-glass 
and  of  the  condenser  coincide 
exactly.  When  the  com- 
pound body  is  made  to  turn 
away  from  the  stage,  the 
npparatiis  for  adjusting  the 
axes  is  very  simple,  and  the 
plan  oj^loptcd  by  AL*.  Roes  and 
L.  ..iWi  Mr.  Powell  is  reprcsentetl  by 

pjg..  5s.  %•   58  I   it  consists  of  two 

tubes,  sliding  one  witliin  the 
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oUicr,  U)  t]ic  outer  one,  &,  is  attached  a  flat  pUitc,  a,  whieii 
slidca  underneath  the  stage,  and  is  adjudtod  for  distance  by 
tlic  screw,  /;  at  c  is  seen  a  milled  head,  which  is  connected 
to  a  |iinion,  and  by  means  of  a  rack  attached,  the  inner  tube> 
carrying  the  achromatic  combination,  d,  is  raised  or  depressed ; 
tlic  upjicr  part  of  the  outer  tube,  6,  Is  larger  than  that  at  c, 
this  is  for  tlic  purpose  of  allowing  the  milled  ridge  of  the 
achromatic  combination  to  pa:^  up  and  dow^  freely.  For  the 
low  powers,  such  as  the  half  and  quiirter  of  an  inch,  the  com- 
bination, df  only  is  used ;  but  with  the  higher  powers,  the 
Becond  jtart,  «,  may  be  slipped  over  rf,  whereby  the  focal  pcdnt 
of  the  illuminating  rays  will  be  materially  lessened  in  dia- 
meter, altlioiigh  increased  in  brilliancy.  The  flat  mirror 
is  generally  used  as  the  reflector  or  tlic  priam  described  in 
page  118. 

AVhcn  the  compound  body  can  be  turned  away  from  the 
stage,  the  adjustment  of  the  axes  of  the  illuminator  and  ob- 
ject-glass is  a  very  «mple  matter,  the  only  movement  required 

in  the  condenser  is  that  ol 
cither    increasing    or    di- 
rainiBhing  the  distance  the 
flat  plate,  a,  has  to   slide 
through ;  this  is  done  either 
by  screwing  or  unscrewing 
the  screw,  y^  until  the  spot 
of  light  formed  on  the  ob- 
ject by  the  illuminator  is  in 
the  centre  of  the  field  of 
the  object-glass.  But  when 
the  compound   body   is  a 
fixture,  then  it  is  neces- 
sary  that    tlie    condenser 
should  have    two    adjust- 
ments ;  a  section  of  such  a 
condenser    is    represented 
by  flg.  69,  OS  constructed 
by  Mr.  Roea.     a  a  exliibit 
Fig.  $fj.  the  plate  by  which   it   is 
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■.ttanhed  to  the  stage,  f/  a  [wrtion  of  \arffei  tube,  luiving  affixed 
lo  it  a  ring  of  brass,  into  which  is  soldered  a  emaller  tube 
carrying  the  pinton  with  u  milled  huad,  f;  witliiu  tbiB  tube 
a  still  emollcr  one,  d,  with  a  ecrcw  at  the  top  to  carry  the 
UIuiuiiuilor,y,  and  a  diaj)hragm  at  the  bottom,  to  cut  off  all  cx- 
trancoud  light,  h  moved  up  and  down  by  a  rack,  in  which  works 
the  pinion,?.  The  vcrtiud  adjutfUiicDt  of  this  inittriuncnt  is  made 
by  the  small  screw  attached  to  the  plate,  a  a,  whilst  all  the  other 
DiovcmcntB  arc  effected  by  turuing  three  or  more  Bcrcwa  in 
the  ring  of  braas,  by  which  the  inner  tube  carrj-ing  the  illumi- 
nator, con  be  moved  in  various  directions,  so  as  to  bring  ita 
axis  to  coinrade  with  that  of  the  object-glaiw.  Two  of  tKcse 
screws  are  seen  at  c  and  c*.  Tliis  plan  waa  first  auggestod  by 
Mr.  Kot»,  and  is  adapteil  to  :dl  Iuh  in(*trunumta  in  which  the 
carryini^  the  compound  body  is  a  fixture.  The  several 
"partA  of  the  illuminator,  t/,  unscrew,  so  that  they  may  be  used 
cither  c-nmbine<l  or  HOpamte. 

The  achromatic  condenser  supplied  witli  the  largest  micro- 
8CO[>cs  of  Meftirs.  Smith  and  Beck,  is  rcpresentc<l  by  figs. 
60  and  61  ;  and  for  the  licttcr  exhibition  of  its  several  parts, 
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the  drawings  have  been  made  of  the  ucttiol  sise,  but  in  on 
inverted  position.  In  fig.  60,  c  represents  a  tube  of  braw,  within 
which  a  amaller  tube,  A,  carrying  the  illuminator,  rf,  ia  moved 
up  and  down  by  turning  ihc  milled  heads,  a  a.  The  twbe,  c,  is 
screwed  into  a  plate  of  braes,  wliicli  turns  upon  another  lai^r 
plate ;  by  this  last,  the  entire  condenser  is  adapted  to  the  under 
stu'fiice  of  the  stage,  it  being  provided  with  a  screw,  /,  at  its 

front  part,  to  regu- 
kt«  the  distance 
tliat  it  should  be 
slid  in  under  the 
stage,  so  as  to  bring 
the  illuminator,  d^ 
into  itie  axis  of  the 
object-glasa ;  but 
fy  as    the    arm   sup- 

porting  tlie  com- 
^'  pound  body  does 

not  move  irom  side  to  aide,  the  adjustment,  to  remedy  tlua,  is 
rather  more  complicated.  The  brass  plate  into  wliich  the 
tubei  c,  screws,  is  mode  to  turn  upon  a  lai^e  pin,  fixed  to  the 
bottom  plate,  and  by  means  of  a  spring  and  a  snuill  raised 
block  of  brass,  the  former  is  always  firmly  pressed  against  the 
screw,  Cf  as  seen  in  fig.  61;  when,  tlierefore,  this  screw  is 
turned,  the  plate,  and  with  it  the  tube,  r,  together  with  the 
iUuminutor,  are  carried  slowly  from  aide  to  side,  and  when 
the  exact  position  is  found,  the  plate  may  be  fixed  by  the 
screw,  y. 

Afr.  Wenham't  Illuminator. — Tlie  principle  of  this  instrument 
consists  in  placing  a  dark  well  or  stop  behind  the  object,  and 
causing  an  intense  achromatic  light  to  pass  over  and  around  it  at 
such  an  angle  that  no  ray  scan  enter  the  object-glass,  consequently 
the  field  of  vie  w  appears  quite  dark.  When  a  transparent  object 
is  placed  above  tltis  dark  well,  it  will  be  rendered  luminous, 
as  it  intercepts  a  portion  of  the  light  wliich  passes  over  the 
circumference  of  the  dark  well,  and  as  we  see  the  object  with 
its  own  radiant  light  only,  it  will  ap{>car  beautifully  illumi- 
nated in  all  its  natural  colours,  on  n  jet  black  ground.     The 
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light  reflected  from  a  metallic  surface  is  preferred  for  this 
method  of  illumination,  on  account  oi'  its  purity.  Fig.  62  re- 
presents a  section  of 
the  apparatus,  drawn 
half  the  size  of  the 
originaL  u  a  is  a  trun- 
cated parabolic  reflec- 
tor, with  a  polished 
silver  surface ;  at  the 
apex  of  the  reflector  ia 
placed  a  meniscus,  b, 
of  a  focus  and  cur^'a- 
ture  suitable  for  cor- 
recting the  aberrations 
caused  by  the  plate  of 
glase  untUr  the  object 
At  the  base  of  the 
parabola  is  a  disc  of 
glass,  e  e,  in  the  centre  of  which  ia  cemented  a  dark  well,  rf, 
witli  a  flange  ei^ual  in  diameter  to  the  aperture  at  the  top  of 
the  reflector.  The  dark  well  is  less  in  diameter  than  the 
flange,  and  has  a  sliding  adjustment,  by  which  it  is  raised  till 
the  field  appears  dark  under  the  highest  powers ;  therefore 
the  aperture  of  the  illuminator  must  exceed  that  of  any  of  the 
object^laftses.  The  reflector  is  moved  to  or  from  the  object 
by  means  of  the  rack  and  pinion,  r,  and  has  similar  adjust- 
ments for  centring,  and  is  fixc<l  under  the  stage  of  the  micro- 
scope  in  the  same  way  as  the  ordinaiT  acliromatic  condenser. 
In  addition  there  is  a  revolving  diaphragm,^  made  to  tdidc  on 
the  bottom  tube  of  the  apparatus ;  it  baa  two  apertures,  ^  ^, 
placed  diametrically  opjKJsite,  for  the  purjHwe  of  obtaining  two 
pencils  of  obrupie  light  in  oppoj-ite  directioni*,  which  is  useful 
for  viewing  some  test  objects.  Before  use,  tlie  axis  of  the 
illimiinator  must  be  made  to  coincide  with  that  of  the  object- 
glass;  to  effect  which,  fix  the  apparatus  under  the  stigc,  and 
move  the  lateral  or  longitudinal  adjusting  screws,  till  the  hole 
in  the  centre  of  the  cap,  which  screws  on  the  top  of  the  re- 
flector, is  in  the  centre  of  the  field  of  view,  using  the  inch 
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ohject-glaae ;  the  cap  is  then  removeil  anil  the  object  placed 
ou  the  Btftge,  and  the  light  obtaioal  &oni  a  wliiic  cloud  itc 
lirif^lit  yky,  u^ing  the  plane  mirror;  the  rcflertnr  is  ilien 
moved  to  or  fro  till  the  object  ifl  best  illuminated.  The  raye 
of  lamp  or  candlelight  must  be  rendered  jiarallcl,  by  means  of 
the  largo  planoconvex  lens  or  condenser,  placed  with  it*  flat 
mdc  near  to  the  lamp ;  the  light  it)  then  reflected  through  the 
illuminator  by  means  of  the  plane  mirror,  aa  before  The 
readiest  way  of  ascertaining  if  the  rays  of  liglu  be  i«irallel 
:ind  tlirown  in  a  proper  direction,  is  to  hold  a  card  or  sheet 
of  paper  on  the  mirror,  and  adjust  the  distance  of  the  con- 
densing lens  from  the  lamp  till  the  circle  of  light  is  of  tlic 
^amc  diameter  an  the  Icna  employed,  and  occupies  the  centre 
of  tlie  mirror.  The  apjuratus  juat  described  h  made  of 
various  mTjcn ;  but  na  a  very  intense  light  is  required  for  this 
principle  of  illumination,  it  is  adWsable  that  the  reflector 
should  be  of  OS  large  a  dzo  aa  the  stage  fittings  will  admit ; 
for  if  we  double  the  diameter  of  the  reflector,  we  obtain  four 
times  tlte  quauLity  of  Ugbt,  tlie  areas  of  circles  being  to  each 
other  as  the  square  of  their  diameters. 

Prism. — M.  Dujnplin,  to  whom  wo  are  indebted  for  the 
achromatic  condenser,  found  that  to  produce  the  best  effects, 
!i  prism  of  glass,  of  tlio  form  represented  by  fig.  63,  should  be 
used  witli  it,  instead  of  a  mirror,     a  rc- 
l"""**^         presents  a  sliort  piece  of  brass  tube,  b  a 
glass  prism,  connected  by  ecrew^a  to  the 
^  tube,  a,  by  two  supports,  c  c.     The  tube  is 

made  to  slide  upon  the  end  of  the  con- 
denser, and  to  turn  upon  it  in  such  a  man- 
ner, tlrnt,  in  whatever  position  the  lamp  or 
white  cloud  may  be,  the  prism  may  be 
adjusted  to  it;  tlic  revolution  of  the  prism 
being  performed  upon  the  screw^s,  theejitrc- 
mides  of  which  are  conical  and  fit  into  cor- 
responding depressions  in  the  side  of  the 
prism.  This  iuatnuncut  has  some  few  ailvantoges  over  the 
phuie  mirror :  the  quantity  of  light  is  greater,  and  all  te«t 
objcctii  in  whicli  ddicutc  markings  exist,  may  be  dhuwu  to 
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the  bert  adviinUgc,  in  conaequcnco  of  all  tlie  ray  a  being  re- 
flected froiu  the  same  Burtacc,  which  is  not  tbo  case  with  a 
Bilvcrci  glass  mirror. 

Aehrvmatic  /Vtirm  and  Contlenser. — ThiB  very  important  in- 
Btmment,  answering  the  purpose  both  of  mirror  and  acbromatio 
condenser,  waa  presented  to  the  iiuthor  by  Mr.  Abrahams, 
optician,  of  Liverpool,  and  is  shewn  of  the  natural  size  in  fig. 
64.     The  prism  is  made  up  of  two  kiiidtt  of  glass,  set  in  a 


Fig.  64. 

frame  of  brass ;  the  part  employed  as  the  reflector,  A,  is  of  Hint 
glass,  hollowed  out  at  its  upper  surface,  and  into  this  is  accu- 
rately fitted  a  double  convex  lens  of  crown  glass,  B,  so  contrived 
as  to  Iiave  a  focus  of  about  four  inches.  By  tlie  tube,  G,  the 
prism  can  be  appUc<l  to  the  ordinary  support  of  the  mirror, 
and  by  means  of  the  flat  semicircle,  X>j  and  a  joiot  in  the  con- 
necting piece,  F,  it  can  be  turned  in  every  possible  direction, 
the  semicircle  sliding  through  a  spring  clip  at  G.  By  this 
instnmient  achromatic  condensed  light  may  be  thrown 
u|x>n  any  object  on  the  stage.  The  prism  has  the  usual 
Sfvlugiug  motion,  accomplished  by  the  frame  turning  on  two 
screws,  one  of  which  is  eeen  at  C>  at  the  end  of  the  semi- 
circle. 

Oblique  Prism. — Tiiis  instnunent,  invented  by  M.  Nachet, 
of  Paris,  is  represented  in  section  by  fig.  65 ;  it  consists  of  a 
prism  of  glas»,  liaviug  botli  its  surfaces,  a  b  and  c  (/,  convex, 
by  which  means  tlic  rays  of  light,  /,  reUected  from  the  mirror. 
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IB,  instcjul  of  passing  on  in  a  sUTiight  line  to  the  abject,  i .',  are 
converged  by  the  firet  sm-fhce,  b  o,  upon  the  oblique  plane,  r; 
from  this  they  arc  reflected  to  v,  where  tliey  rective  a  second 
reflccdou,  and  are  finally  converged  by  die  convex  surface, 
c  dt  upon  an  object,  »  i  This  prism  ia 
set  obliquely  in  a  tube  of  braBs,  and 
should  be  so  contrived  that  it  may  be 
revolved,  in  order  that  tlie  effect  of 
oblique  light  nmy  be  shewn  upon  all 
parta  of  an  object.  In  the  microscope 
of  M.  Xachct,  the  stage  can  be  re- 
volved, but  in  all  our  Knglish  instru- 
ments, except  those  prodded  with  a 
stage,  such  as  that  proposed  by  Mr. 
l»e^.  tlie  prism  itself  must  be  turned. 
Mr.  Shadbolt  has  giveu  the  curves 
wliich  answer  beat  for  the  prism,  in  a 
paper  in  the  tbinl  volume  of  tlie  jTVotw- 
actions  of  the  Microscopical  Soeietu,  In 
the  prisms  firet  supplied  by  AL  Nachet, 
the  angle  was  30",  and  both  upjwr  and 
under  surfaces  were  convex  ;  he  now 
Fig.  65.  makes  the  lower  surface  piano,  and,  as 

it  turns  out,  the  plan  for  some  time 
adopted  by  M.  Nachet  is  precisely  that  determined  mathe- 
matically by  Mr.  Shadbolt. 

The  condensers  of  M.  Nobert,  Mr.  Shadbolt,  and  Mr. 
Gillett,  together  with  a  prism  of  Aimci,  and  swne  other 
cquidly  useful  pieces  of  apparatus  concerned  in  the  illumi- 
nation of  objects,  will  be  deecribwl  in  Part  II.,  relating  to  the 
**  Use  of  the  Microscope." 

Pnlarizing  Appartitus. — This  consists  of  two  prisms  of  cal- 
careous spar,  constructed  after  the  plan  of  ^Ir.  Nicol,  of  Edin- 
burgh, and  comiKwed  each  of  two  pieces  of  the  same  spar, 
cemented  together  so  as  to  tranaiuit  a  eiagle  image  only.  One 
of  these  is  mounted  in  a  tube,  and  adapted  to  a  flat  plate  of 
brass,  as  roprescotcd  by  fig.  fi6,  by  which  it  can  be  applied  to 
the  under  surface  of  the  stage-plate,  like  the  achromatic  con- 
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denser ;  upon  this  plate  the  tube  carrying  the  prism  ia  made  to 
revolve,  by  turning  the  largo  circular  plate  at  the  bottom  with 


Kig.  G6. 

n  milled  edge;  tliis  lower  prism  is  termed  the  polarizer,  in 
contradistinction  to  unother  fitted  to  tlie  top  of  one  of  the 
eye-pieces,  and  termed  the  analyzer.  An  end  view  of  one  of 
the  prisms  is  seen  at  fig.  67,  and  a  vertical  section  at  fig.  68. 

AVhen  applied  to  tlie  mi- 
croscope, it  is  neceasary 
that  the  axes  of  botli  crys- 
tals iihoiUd  coincide  with 
Citch  other  and  with  the 
upticat  partd  of  the  mi- 
croscope, aa  in  the  case 
of  the  achromatic  conden- 
Bcr;  this  may  be  known 
by  revolving  either  of 
the  prisms  after  the  light 
has  been  sent  through 
them  by  the  mirror.  If 
they  arc  properly  ad- 
justed, it  will  be  found  that  there  are  two  positions  in  which 
no  light  will  pn^  tlurough  the  prisms  at  all ;  if  this  docs  not 
take  place,  and  only  part  of  the  field  of  view  is  darkened, 
then,  either  ^by  turning  the  arm  carrying  the  compound 
body  or  the  screw  in  tlie  plate  bearing  the  polarizer,  the 
two  can  be  made  to  obscure  each  other;  they  arc  then  in  a 
oonditian  to  be  used.  If  now  a  crystalline  plate  of  sulphate 
of  lime  be  placed  in  the  focus  of  the  object-glass,  it  will  be 
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MelOB.  Powell  and  Lcalaml  supply,  with  some  of  their 
microscopes,  a  diaphn^m  of  the  form  roprcaent^d  hy  fig.  74, 

when    uecd,   it  is 

a<iapt«[l     to      the 

stand  of  tlic  Im-ge 

conden/ing      lens, 

\    (ind  plftccd  in  front 

]  of    tlie    lanip,    at 

'  about  eight  inchea 

/    distant    from    the 

mirror;  it  consista 

of    two   plates    of 

thin     nhect     iron, 

blackened ;  one  of 

tliesc  IB  of  a  circu- 


L 


Fig.  74. 


lar  figure,  being  provided  with  fire  holes  of  diHtircnt  sizes,  and 
callable  of  being  revolved  u|Mm  a  larger  plate  in  the  Bame  way 
as  the  dJAphragin  before  deacribcd,  ta  adapted  to  the  under 
ade  of  the  atage.  When  thie  diaplirngm  ia  used,  an  image  of 
the  MZC  of  the  aperture  employed,  ehoidd  be  shown  on  tlic 
Durror ;  by  tliis,  only  a  part  of  the  field  of  view  will  be  illumi- 
nated, the  centre  will  be  iight,  but  around  the  margin  there 

will  be  darknesa;  this  oftentimes  is 
very  usefid  in  rendering  very  deli- 
cate markings  more  distinct.  The 
Bize  of  the  illumimitwl  epot  will  de- 
pend upon  that  of  the  apertiire 
employed,  and  &Uo  upon  the  relative 
distances  of  the  mirror  from  the  ob- 
ject, and  of  the  diaphragm  from  the 
mirror. 

Erector. — Thoee  microscopes  fur- 
nished with  a  draw-tube  are  capable 
of  having  adapted  tn  them  the  erector 
or  erecting  eye-piece;  this  is  repre- 
sented by  fig.  75,  as  being  screwed 
into  the  lower  end  of  the  draw-tube ; 
it  consists  of  a  piece  of  brass  tube. 


Fig.  75. 
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three  inches  in  lenglli,  and  fivc-eighUw  of  an  inch  in  diameter, 
ua  seen  in  fig.  76,  into  the  oppoote  ontls  of  which  arc  screwc<l 
two  lenses,  a,  r;  a  l>oinj;  a  mcDiscos,  and  c  u 
phuiucoQveXf  and  l>otli  having  their  convex 
8iirlw:cs  towards  the  eye-iriece  which  b 
situated  in  the  upper  part  of  the  dmw- 
tube  -,  between  them  is  phiocd  a  stop,  A,  with 
a  small  hole  in  it.  The  U90  of  thia  inetni- 
ment  U  iiiiiiiliir  to  timt  of  tlic  some  ormnge- 
nient  of  Icnsca  in  the  eye-piece  of  u  lele- 
ttcopc,  vix.,  to  cause  the  image  of  any 
object  to  be  seen  in  the  erect  or  natural 
position.  The  field  of  view  is  also  greatly 
increaEM^tl,  and  an  object  a»  long  as  the  tiirec- 
fourtliB  of  on  inch,  can  be  taken  in  at  once 
with  the  erector  and  a  two-inch  objcct-glaaa. 
By  pulling  out  the  draw-tube,  and  therefore 
increasing  the  distance  between  the  erector 
itself  and  tlio  objcct-glasa,  the  magnifying 
power  of  the  instnunenl  is  increased,  and  by 
puslilng  it  in  again  the  power  is  diminished ; 
80  that  a  microscope  with  a  two-inch  objecL- 
glase  and  the  erector  can  be  mode  to  take 
in  as  nmch  of  a  rule  oe  three-fourths  of  an  inch  in  Ic 
when  the  draw-tube  i&  only  slightly  pulled  out;  and  when 
the  tube  is  drawn  out  to  its  fidlest  extent,  it  will  magnify  the 
divisions  on  the  rule  so  much,  that  one-sixth  of  the  eame  object 
alone,  will  fill  the  whole  field  of  view. 

The  erector  was  first  applied  to  the  compound  microeco 
represented  by  fig.  21,  by  Mr.  Lister ;  it  is  extremely  use 
for  taking  in  large  objects,  but  more  particularly  for  (Ussect- 
ing,  as  heretofore  the  inversion  of  tlic  object  by  the  compound 
microscope,  entirely  prevented  any  dtescction  being  cairied  on 
under  any  of  tlie  low  magnifying  powers;  but,  with  the 
erector,  it  can  be  done  very  readily. 

UeberkiUuu, — These  arc  concave  silvered  &[)ccuhi,  so 
from  llieir  iUustrious  inventor;  they  arc  attached  to  all  the 
objoct-glasfios,  from  tJte  twiniuch  to  tlie  one-fourth;  that  lor  the 
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Kg.  77. 


half-inoh  is  represented  by  fi^.  77.  Tho  ray  a  of  light  rc- 
mirror,  either  in  parallel  or  convolving 
lines,  are  brought  into  a  focus  u(>oa 
an  object,  placed  betirecn  it  and  the 
mirror,  but  not  too  large  to  inter- 
cept all  the  light.  The  object  may 
either  be  mounted  on  glasa  in  tlie 
usual  manner,  or  held  in  the  for- 
ceps, represented  in  %.  80;  and 
when  too  sniall  to  fill  up  the  entire 
field  of  view,  or  when  tniuapurent, 
it  is  necessary  to  place  behind  it  one 
of  the  dark  wells  represented  by  fig.  79.  Kaeh  Llebcrktilin 
being  mounted  on  a  short  piece  of  tube,  can  be  slid  up  and  down 
on  the  outride  of  tlic  objcct-glo^,  so  that  tlie  tiiaxiinuni  of  illu- 
mination may  be  readily  obtaineiL  In  all  tlic  higher  jtowerH, 
the  end  of  the  object-glass  is  turned  email,  and  passes 
through  the  aperture  in  tlic  centre  of  tlie  Lieberkuhn,  but  in 
the  lower  powere,  the  distance  of  the  object-glass  from  tho 
object  will  allow  a  Liebcrkulm  of  sufficient  size  to  be  uBcd 
without  the  above  arrangement. 

Side  Hrjiector. — Ab  a  substitute  for  the  Lieberkuhn,  Mr. 
^Kose  pupplies  witlj  his  microscopes  what  he  terms  a  side-illu- 
minator ur  rcHcctor ;  it  conmsta  of  a  concave  s^^eculum  of  a 
rectangular  figure,  liighly  polished  and  mounted  on  a  jointed 
'wm,  as  represented  by  fig.  78;  like  the  email  condensing 
lens,  it  is  attached  to  some  immovable  part,  or,  still  better, 
to  the  body  of  the  instrument.,  and  imrallcl  rays  of  light 
fixHu    tlie    lamp   are    thrown    upon    it    by    tlie    bidl^e-eyc 
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placc<]  close  to  the  lamp;  by  moana  of  the  jointed  nnn, 
the  light  mny  be  reflected  from  it  upon  any  object,  how- 
ever large,  on  the  stage.  This  a  much  better  tlian  a 
Lieberkuhn  for  meet  {lurpowa  ;  for,  with  the  latter,  the  ob- 
jects cannot  exceed  a  certain  size,  othcrwisK;  the  greater  portion 
of  light  from  the  mirror  wUI  he  intercepted  in  its  pueagc ;  it 
has  abo  this  advantage  over  the  Lieberkuhn,  that  not 
only  16  a  greater  amount  of  light  condensed  upon  any 
object,  but  being  thrown  obliquely,  many  minute  marUngs 
can  be  seen,  which  the  vertically  reflected  light  is  unable  to 
bring  out. 

Dark  Stops  or  Welb, — Theee  CODMt  of  auall  cup-lilce 
pieces  of  broBS,  mounted  on  wire  stems  or  supports ;  the  shapes 
generally  employed  are  represented  by  fig.  79. 
They  are  used  with  the  Ueberknhns,  and 
three  different  eizes  arc  usually  Bupplicd  with 
the  beet  mirroscopea,  the  larrjcst  being  always 
employed  witli  the  lowest  power  object-ghiascs. 
Tlieir  use  i>t  to  cut  off*  all  the  rays  of  light  that 
would  otherwise  pasis  into  the  objectrglass, 
hence  they  are  required  in  all  cases  where  the 
object  to  be  viewed  is  transparent.  Ihc  long 
stem  fita  into  a  small  arm  attached  to  the 
under  purfiice  of  the  stage,  and  capable  of 
being  moved  into  the  centre  of  tlie  aperture 
therein,  and  by  it  the  well  at  tlie  top  can  be 
raised  up  so  higli,  as  nearly  to  touch  the  object 
itself;  tbe  ciip-slmped  form  is  used,  in  order 
Fig,  79.  that  llic  bottom  may  not  be  sufficiently  illumi- 
nated to  form  a  light  ground  to  the  object, 
which  might  happen  if  a  disc  were  employed. 

Forceps. — For  the  purpose  of  holding  minute  objecta,  inich 
as  parts  of  plants,  or  insects,  to  be  examined  either  as  trans- 
parent or  opaque  objects,  various  forma  of  forceps  have  been 
contrived.  The  most  useful  of  these  is  represented  by  fig.  80. 
It  conmsts  of  a  piece  of  ateel  wire,  about  three  inches  long, 
which  Blidcfl  through  a  small  tube,  connected  to  a  stout  pin  by 
means  of  a  cradle-joint ;  to  one  end  of  the  wire  is  attached  a 
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{iw  of  blode^  fitting  cloecly  tugctlicr  by  their  own  elasticity, 
but  which,  for  tlie  reception  of  any  object,  may  be  separated 


Fig.  80. 


by  pressing  the  two  projecting  studs ;  to  the  opposite  end  of 
the  wire  is  adapted  a  small  brags  cup,  filled  with  cork,  into 
which,  pine  pasaed  Uirough  dista  of  cork,  cardboard^  or  other 

fsnateiial  having  objects  mounted  on  them,  may  be  stuck ;  or, 
preferred,  instead  of  the  cork,  a  pair  of  blades,  fitting  occu- 

'ratcly  together,  may  be  employed,  with  email  notches  in  each, 
to  receiTe  tlie  piiiB.  With  all  the  old  micnis4:'opf?t^,  one  end  of 
the  wire  carrj*ing  the  forceps  waa  made  i^olnted,  and  to  it  was 
ad^ted  a  small  cylindrical  piece  of  ivur\-,  having  one  of  its 
white  and  the  other  black,  on  these  surfaces  the  objects 
for  examination  were  laid.  Mr.  Rosa  and  Mr.  Snuth  some- 
times supply  a  i»air  of  tlirce-prouged  furce|t6 :  the  prongs  arc 
made  of  steel  wire,  curved  an<l  pointed  at  one  end,  and  by 
means  of  a  sliding  ring,  capable  of  being  opened  or  closed.  Au 
instrument  of  this  kind  was  in  use  as  long  ago  an  1787,  and  is 
figured  iu  thu  work  uf  the  younger  Adams,  published  In  that 
rear.  The  inethwl  of  using  those  diflcrcnt  forms  of  forceps  is 
extremely  simple:  the  object-plate  of  tlie  stage  of  the  micro- 
scope has  one  or  mure  holes,  iuto  wltich  the  piu  of  tlie 
forceps  may  fit ;  on  this  pin  they  may  be  tiUTied  in  a  hori- 
zontal direction,  and  by  the  joint  above  the  pin  tliey  may  also 
be  inclined  at  any  angle ;  when  once  adjusted,  the  stage 
movements  will  suffice  to  bring  all  the  parts  of  the  object 
which  they  hold  into  the  field  of  view  in  succesaion.  Witli 
some  of  the  foreign  microscopes  are  supplied  other  forms  of 
forceps,  constructed  atler  the  plan  of  oiir  spring  pliers  or 
eciasors;  one  of  these,  with  fiat  lips  for  holding  objects,  se- 
■  ourcd  to  the  object-plate  of  the  stage,  and  another,  either  held 
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in  the  hand^  or  mmilarly  attached  to  the  opposite  side  of 
the  eamo  plate>  but  pro\'ided  with  cutting  edges  like  the  pair 
of  scissors  siud  to  have  been  invented  by  Sivamnicrdaui,  are 
employeil  together;  the  former  of  theae  retains  the  subject 
firmly  whilst  it  ia  being  cut  by  the  latter.  Theae  forceps  will 
be  again  alluded  to  in  the  chapter  devoted  to  dissecting  in- 
struments. 

Animaicttle  Ca^es. — Tnetnimenta  known  by  the  name  of 
"  live  boxes ''  have  been  in  use  for  many  years,  and  all  the  old 
microscopes  were  fumishe«l  with  them ;  they  conaiBte<3  of  a  braes 
cell,  from  three-quarters  to  one  inch-and-o-quorter  in  diameter, 
into  which  a  planoconcave  glass  was  made  to  drop;  upon  the 
concave  side  tlic  insect  was  phiced  for  examination,  and  a  flat 
piece  of  glass  of  the  same  size,  but  fastened  Into  the  bottom  of 
another  ceil,  could  be  screwed  down  upon  the  insect,  so  as  to 
prevent  its  movement;  this  instrument  1ms  now  been  cntirclj 
Buperscded  by  more  convenient  forms,  and  amongst  them  may 
be  mentioned  the  animalcule  cage  of  Mr.  Tulley,  and  tlic 
capillar}'  tablets  of  Afr.  Varley.  The  animalcule  cage  sup- 
plied with  the  com]«>und  achromatic  microscope  of  the  late 
Mr.  Tulley  is  represented  by  fig.  81;  it  consists  of  n  plate 

of  brass,  Irom  three  to  four 
inches  in  length,  to  tlie  middle 
of  this  was  attnched  a  piece  of 
braM  tube,  about  three-quarters 
of  an  inch  in  diameter,  into  the 
top  of  which  was  fostened  a  plate 
of  thick  glass ;  over  this  tube  an- 
other short  one,  having  a  cover  of  thin  glass  cemented  to  a 
rim  at  its  top,  is  made  to  slide ;  this  last  tube  is  sufficiently 
short  to  allow  the  tliin  glass  cover  and  the  plate  in  the  fixed 
tube  to  be  brought  into  contact.  The  drop  of  water  contain- 
ing the  animalcules  to  be  examined,  is  put  upon  the  piece  of 
plate-glass,  which  may  be  termed  the  object-plate,  and  the 
tube  containing  the  thin  glass  cover  ia  then  to  be  slid  down 
carefully,  so  that  the  drop  may  be  flattened  out;  in  order  to 
allow  the  contained  air  to  escape  in  the  sliding  down 
cover,  a  small  hole  is  drilled  in  the  top ;  this  may  be 
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qucntly  closed  with  sealing-wax,  if  it  be  required  to  preaerve 
Ute  Buid  for  future  examination. 

Mr.  Varley,  in  the  year  1831,  greatly  improved  thia  form 
of  instnuDcnt,  and  gave  to  it  the  name  of  capillary  tablet  or 
cage,  in  a  paper  published  in  the  fbrtj-cighth  volume  of  the 
Tratuaetioru  of  the  Society  of  Arts.  This  great  improvement 
conusta  in  making  a  channel  all  round  tlic  objcct-plate,  so  that 
tbe  flnid  and  the  animalcules  in  it  are  retained  at  the  top  of 
the  objcct-plate  only,  by  capillary  nttimition,  and  will  bear  turn- 
ing about  in  all  directions  without  leaving  tlie  top,  provided  it 
be  not  suddenly  tJiaken.  The  cover  also  is  made  to  screw 
down  upon  the  object-plate,  and  not  to  elide  a8  in  the  pre- 
viously described  instrument;  but  in  practice  it  has  been 
found  most  convenient  to  adopt  the  sliding  tube,  aa  the  act  of 
screwing  sometimes  deranges  tbe  objects  The  plate  of  brass 
to  wliich  the  tube  snpjwrting  the  tablet  and  cover  ia  attnchcfl, 
is  of  a  circular  figiu-e,  slightly  flattened  on  two  opposite 
sides,  for  convenience  of  package,  as  several  of  tliem  can  be 
contained  in  a  small  cylindrical  case.  The  improvement  made 
by  Mr.  Varlcy,  in  the  objoct-plate  or  tablet,  is  now  adopted 
by  all  our  first-rate  microscope  makers,  but  with  some  few 
slight  modifications;  one  of  these  instruments,  as  constructed 
at  the  present  time,  is  represented  by  fig.  82  in  elevation,  and 

in    section    by    fig.    83. 
A  B  in  both  figures  ex- 
hibit   the    Hat    plutc   of 
brass  to  which  the  short 
tube,  carrying  the  object- 
plate,  or  tablet,  te  fixed; 
d,  fig.   83,  exhibits  the 
piece  of  brass  into  which 
the  tablet,  r,  is  fastened, 
&  the  tubular  port  of  tlie 
cover,   into    the    rim    of 
which  the  tliin  plate  of 
This  tliin  gksa  cover  is  oAen  either 
broken  or  becomes  uncenientcfl ;  to  remedy  the  inconvenience 
of  re-cementing,  Mr.  Powell  adopts  a  very  excellent  plan,  by 
9* 


Fig.  63. 
a,  is  cemented. 
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which,  a  new  cover  can  be  adapted  with  little  trouble;  the 
tuholar  top  ia  provided  with  a  screw^  apon  the  e<^  of  which 
the  cover  of  thin  glass  or  mica  is  laid,  over  this  a  cap  is  screwed 
to  keep  the  cover  firm.  Fig.  84  represents  the  tubular 
top,  with  its  screw  cap,  and  fig.  85  a  section  of  the  entire 


Fig.M. 


Fig.  84. 


instrument,  A  B  being  the  flat  support,  e  the  object-plate  or 
tablet,  d  the  channel  around  the  same,  b  the  tubular  top  with 
its  screw-cap,  e,  holding  down  the  thin  gla^s  cover,  a.  ^Vhen 
the  glaas  cover  is  of  tolerably  stout  glass,  these  cages,  besides 
being  only  employed  for  animalcules,  may  be  used  for  com- 
presfling  such  objects  as  arc  8of\,  but  still  too  opaque  to  be 
seen  through.  When  these  are  moderately  compressed,  their 
structure  is  readily  made  out ;  but  an  instrument  conBtmcted 
for  this  purpose  especially,  and  known  as  the  Comprcseorium, 
will  be  presently  described. 

To  use  these  animalcule  cages,  all  that  is  neorasory  is  to 
place  a  small  quantity  of  the  fluid  eont^ning  the  animalcules 
upon  the  object-plate  or  tablet,  and  to  slide  the  cover  carefully 
until  the  drop  in  flattened  out  to  tlie  required  degree  of  thin- 
ness; this  should  never  exceed  the  size  of  the  tablet  itself. 
When  the  drop  of  fluid  is  made  flat,  the  objects  it  contains 
may  not  only  be  viewed  with  great  ease  and  convenience,  but 
they  may  be  carried  about  and  kept  for  some  considerable 
time  under  observation ;  the  capillary  attraction  will  preserve 
the  fluid  between  the  two  glasses,  and  no  shaking  or  taming 
that  is  not  sudden  will  injure  them  in  the  least.  ^Vhen  more 
fluid  than  is  necessary  is  placed  upon  tlie  bottom  glass,  the 
excess  will  escape  into  the  channel,  and,  in  all  probability, 
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moat  of  the  animalcules  with  it;  in  thia  case,  it  is  by  far  the 
best  plan  to  wipe  away  all  the  fluid  from  the  bottom-plate 
and  the  channel,  and  make  the  latter  and  the  nndcr  surface  of 
the  thin  glass  cover  perfectly  dry  before  another  drop  ia  put 
upon  the  bottom  glass,  otherwise  the  channel,  when  once 
made  wet,  will  attract  the  fluid  again.  In  the  uuiuialcule 
cage«>  or  live  boxes,  manufactured  by  Mr.  Pritchard,  the 
bottom  plate  of  glasa  its  ruled  witli  fine  linc»,  tlie  one-hun- 
dredth part  of  an  inch  or  less  apart,  to  serve  as  a  micrometer, 
Wlicn  iitted  dry,  the  lines  are  visible,  but  when  iluid  is  inter- 
posed, they  can  not  only  hardly  bo  seen,  but  aU  measurements 
made  by  such  micrometers  are  manifestly  incorrect  with 
objects  of  any  degree  of  thickness,  as  their  true  outline  is  not 
in  focus  at  the  same  time  as  the  lines  of  the  micn>meter;  this 
point  will  be  particularly  dweh  upan  in  the  cbapter  devoted 
to  tlic  measurement  of  objects,  but  !n  this  place  it  merely 
requires  to  be  noticed  in  connection  with  the  instrument  to 
wluch  it  is  applied. 

Fishing  Tubes  for  AnUnalculfs. — ^These  consist  of  tubes  of 
glass,  about  nine  inches  in  length,  open  at  both  ends,  and  from 
one  eighth  to  one-fourth  of  on  inch  in  diameter ;  the  ends 
should  be  nicely  rounded  off  in  the  flame  of  the  blow-ptpe ;  some 
of  tlicm  may  be  straight,  as  sbown  by  A,  fig.  86,  whilst  otbers 
should  be  drawn  out  to  a  fine  point,  as  C,  or  curved  as  B,  D ; 
in  short,  they  may  be  made  of  either  of  tlie  tnhape^  represented 
in  fig,  86,  all  of  which  have  been  found  exceedingly  useful 
Mr.  Varley,  to  whom  we  are  indebted  for  this  valuable  inven- 
.tion,  describes  the  method  of  using  them  in  vol.  forty-eight  of 
[the  Transactions  of  the  Society  of  Arts,     Supposing  the  ani- 

lalcules   about   to    be    exanuned    to    be    contained    i  n    a 

[phial  or  glass  jar,  as  in  fig.  87 ;  hn\ing  obser^'ed  where  tliey 

are  most  numerous,  eitlicr  with  the  naked  eye  if  they  are 

large,  or  with  a  pocket  magnifier  or  the  watchmaker's  lens 

[described  at  page  50  if  they  are  Bmall ;    either  of  the  glass 

[tubes,  having  one  end  previously  closed  by  the  thumb  or  fore- 

inger  wetted  for  the  pur|H>se,  is  intrwluced  into  the  pbjal  ia 

[tiie  manner  represented  by  the  figure ;  this  prevents  the  water 

from  entering  the  tulw,  and  when  the  end  is  near  to  tlie 


iakes  ofT,  the  atinui^phcnc  pressure  will  ftirce  the  water,  and 
with  it,  in  all  probnbility,  the  dcsirod  objects  up  the  tube; 
when  the  linger  has  hcfu  replaced,  the  tube  contjuning  the 
fluid  nmy  be  withdniTm  from  the  phial,  and  as  the  tube  le 
utmost  certain  to  contiun  much  more  fluid  than  is  requiaite, 
Mr.  Varley  adopts  the  following  plan  for  getting  rid  of  tlie 
excess. 

Being  provided  with  some  watch  glasses  and  some  pieces  of 
plane  glaee,  if  the  tube  should  contain  more  fluid  ilum  ie  nccee- 


ACCESSORlf  IN8TKUMENT8. 


ISA 


sary,  the  entire  quantity  must  be  dropped  into  a  watch  glass, 
which  spreads  it,  and  the  iiisect  may  be  again  caught  by 
putting  the  tube  over  it,  when  a  small  quantity  of  fluid  la 
sure  to  run  in  by  capillary  attractiou; 
this  small  quantity  is  to  be  placed  upon 
the  tablet ;  but  should  there  be  sliU  too 
much  for  the  tablet,  if  it  be  touched 
with  tho  tube  again,  it  will  be  diminished ; 
and  Hhuuld  the  object  be  wanting,  tlie 
fluid  must  be  wiped  offj  and  Iht:  opera- 
tion repeated  until  we  are  satisfied  of  it« 
presence. 

If  we  wish  to  place  several  individuals 
tt^tlieron  the  tablet, itia  necessary  tliat 
Vig.  8«.  each  should  be  taken  up  with  the  smallest 

amount  of  water;  to  effect  tluH,  Mr. 
Varley  suggests  that  the  tube  should  be  emptied  on  a  blip  of 
glass,in6oparatedro[>s,a8iiiHg.8S,and  with  one  of  the  capillary 
tubes,  but  little  larger  tlian  enough  to  catch  them,  they  miiy  be 
lifted  out  one  by  one,  and  be  placed  on  the  tablet.  Generally 
speaking,  it  is  necessary  to  add  a  small  quantity  of  vegetable 
matter  to  animalcules  to  keep  them  alive  ;  and  as  many 
species  of  them  arc  found  on  confervas  and  duck-weed,  some 
instrument  is  required  to  take  small  iKirtions  of  these  plants 
out  of  the  jar  in  which  they  are  growing ;  for  this  purpose 
Mr.  Varley  has  contrived  the  forceps  represented  by  fig.  89; 


Fig.  89. 

they  are  made  of  brass  or  German  silver,  with  points  a  little 
curved ;  to  keep  them  accurately  together,  they  are  pro\-ided 
with  a  hole  and  steady  pin.  Being  tliJn  and  easily  closed,  they 
answer  very  well  to  put  into  a  phial  and  lake  out  small  portions 
of  vegetable  matter;  but  when  jars,  such  as  those  in  which 
chani  ur  vulUsneria  ai'c  kept,  are  deep,  then  the  long  forceps. 
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the  invention  of  the  auUior's  late  brother,  Mr.  Cdtvin  Quckett, 
and  ropreeented  by  fig.  90,  will  be  found  extremely  useful, 

They  Rhoiild  be  mode  cither  of  brass 
or  Gcminu  silver,  and  may  be  of  any 
length,  from  nine  inches  upwards. 
ITie  central  part  is  a  piece  of  wire 
about  one-eighth  of  an  inch  in 
diameter;  its  upper  end  is  fas- 
tened to  a  flat  piece  of  nit;tal,  bent 
miuitl  into  two  KK>ps,  as  repre- 
sented by  fig.  90,  for  (he  first  and 
fiorond  finger  of  the  right  hand  to 
be  placed  in.  The  lower  port  of 
tlic  wire  is  split,  and  having  been 
well  hanimcrcd  to  make  it  springy, 
is  bent  into  the  fonn  of  a  pair  of 
forceps.  On  the  outside  of  the 
wire  is  a  piece  of  twlw  abtmt  one- 
fourth  of  an  inch  in  diameter,  and 
shorter  than  the  wire ;  to  its  upper 
Ijart  ia  soldered  a  piece  of  smaller 
wire,  bent  into  the  fonn  of  a  ring. 
Tbe  use  of  this  instrument  must 
be  obvious  from  the  figiu-c ;  the 
first  and  second  finger  of  the  right 
hand  being  placed  in  tlic  two 
loupe?,  llie  thumb  is  put  into  the 
ring  at  the  top,  the  wire  by  the 
fingers  is  kept  steady,  and  by  the 
motion  of  tlie  thmnb  tlic  tube  is 
raised  or  depressed  ;  when  the 
tube  is  raised,  the  blades  of  the 
forceps  being Bpringy,oiM?n  readily, 
and  wheu  the  thumb  is  depressed, 
the  blades  are  as  easily  closed. 

This  pair  of  forceps  will  be  found 
very  usefid  for  taking  hold  of  small 
pieces  of  valisneria  and  chara,  and 

r,g.oo. 
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a  pair  of  bladea  aa&y  be  applied  to  them  for  the  purpose  of 
cuttutg  ofl'  portions  of  these  plants  cloee  down  to  the  roots, 
^«vcn  lit  tall  jars  that  are  too  Binall  to  admit  of  the   intro- 
luction  of  the  haad. 

COUP&E««OKIL'M. 

!*!!£  comprcssorium  is  nn  instnuncnt  by  which  objects  raay 

;  he  gradually  coinprt'sstd  between  two  pjirallel  plateu  of  glass. 

[The  pi-essure  may  be  applied  whilst  tlie  object  is  being  cx- 

[siuined  witlt  the  iiiicroi^ope,  and  may  be  kept  up  at  will,  so 

[that  the  alteration  which  it  assumes,  ns  the  pressure  is  being 

ipplied,  can  be  observed  with  fiicility ;  it  is  extremely  uaefHil 

for  crushing  or  compressing  such  objects  as  are  so  tliick  that 

fthe  light  cannot  reutlily  be  truuHtnitted  through  them,  or  tor 

Imaking  Hat  others  the  elasticity  of  which  is  suificicnt  to  nuae  up 

pthe  thin  cover  when  tlicy  arc  placed  between  glasses  to  be  \-iewed 

tin  the  ordinary  way.     There  are  many  kinds  in  use,  some  of 

Ibrcign,  others  of  liome  invention.     The  motit  simple,  and  the 

;one  in  which  the  power  employed  cannot  exceed  tlie  force  of 

I  two  spiral  springs,  is  maile  by  Mr.  Smith,  after  a  plan  of  Mr. 

I  Lister's,  imd  is  reprei<ented  by  ii^.  91.     It  coneists  uf  a  bottom 


Fig.  91. 

plate  of  brass,  to  the  centre  of  which  is  attached  a  piece  of  tube 
having  on  its  outside  a  short  pcrcw,  on  which  works  a  large 
circular  nut,  with  a  milled  head ;  to  tlie  inside  of  the  tube  a 
circular  piece  of  plate-ghias  i«  fixed,  projecting  slightly  above 
its  edges;  this  may  be  called  tlie  object-plate;  two  small  ii[>- 
right  rods,  fastened  into  the  Iwttom  plate,  arc  provided  with 
spiral  spniigs,  tlieir  tops  being  surmonntc*!  by  smaW  nuts, 
which  keep  tlie  spiings  in  place.  A  plate  of  brass,  with  a 
I  hole  in  it  larger  than  the  object-plnte,  is  made  to  ahdc  up  and 
down  the  rode  in  a  state  of  parallelism,  by  means  of  the  large 


138 


PRACTICAL  TREATISE  OX  THE  MICROSCOPE. 


drcDlar  not ;  and  two  wedge-«hape(l  tunguee  of  watch  spring 
are  placed  between  the  spiral  spriogi  aod  this  pUte.  These 
tongue-shape<l  springs  are  ca|nble  of  being  moved  round  upon 
the  rods,  and  are  for  the  purpoee  of  commonicating  prcs&urc 
to  a  thin  plate  of  glass  resting  upon  the  plate,  which  la  pre- 
vented from  sli^Iin^  off  by  a  raiwd  edge.  The  plate  carrjing 
tJie  thin  glass  cover  ii*  capable  of  being  raised  or  depressed  at 
will,  by  means  of  the  circular  nut  It  will  be  seen,  that 
when  the  plute  carrying  tlie  thin  gla^  cover  is  raised  up  as 
high  aa  it  will  go  by  the  milled  nut,  the  cover  will  not  touch 
the  lower  plate  of  glass;  when  tliis  is  the  case*  the  instrument 
is  ready  for  the  reception  of  an  object-  The  ends  of  the  little 
steel  springs  must  be  lifted  up  by  the  finger-nail  or  some 
ilun  instnraient,  and  then  rotated  so  far  ontwanls,  as  to 
get  them  clear  of  the  cover.  The  cover  being  lifted  off,  the 
object  is  to  be  placed  ujnn  the  bottom  plate  witli  as  much 
floid  as  necessary,  and  the  cover  being  replaced,  the  springs 
may  be  lifVed  up  and  turned  back  to  tticir  original  ix>3itiou. 
If  now  the  nut  be  screwed  down,  the  spiral  springs  will  cause 
the  plate  to  follow  the  nut,  and  when  the  nut  has  been  turned 
[fcr  enough  to  allow  tlie  cover  to  come  in  contact  eitlier  with 
the  object  or  the  fluid,  it  will  be  noticed  tliat  as  the  screwing 
is  being  proceeded  with,  both  the  fluid  and  the  object  will 
be  more  and  more  flattened,  until  it  arrives  at  a  maximum. 
If  the  screwing  be  continued  further,  the  nut  will  leave  the 
plate  carrying  the  thin  glass  cover,  and  the  cover  itself 
will  remain  pressed  down  upon  the  objcct-platc  with  all  the 
force  exerted  by  the  spiral  and  by  the  tongue-shaped 
springs. 

Mr.  Ross  has  improved  upon  the  comprcssorium  of  Mr. 
Lister,  by  making  the  plate  carrying  the  thin  glass  cover, 
square,  and  by  adding  to  it  two  other  pillars,  making  four  in 
all ;  upon  two  of  these,  situated  at  op]>osite  comers,  strong 
spiral  steel  springs  arc  wound,  uud  to  tlie  two  others  are 
applied  6nger-iihape<l  pieces  of  German  silver,  to  keep  down 
thi;  thin  glass  cover.  The  action  of  the  large  nut  is  the  aamo 
as  in  Mr.  Lister's  instnimpiit,  but  the  pressure  exerted  by  the 
qiri^s  is  more  powerful  tlmu  in  it.     The  finger-shaped  pieces 
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of  Gcmun  silver  yielding  but  slightly,  and  the  steel  springs 
being  much  stronger  than  the  brapis  ones,  the  power  of  com- 
preBaon  is  greatly  increased. 

When  a  more  (lowerful  compreasorium  U  required,  the  fomi 
represented   by   fig.  92  is   highly  usefiil.     It  consists   of  a 


Fig.  92. 
plate  of  brass,  three  or  more  inches  long  and  one-and-a-half' 
broad,  having  in  its  middle  a  circular  piece  of  platc-glasa  for 
an  object-holder;  this  is  slightly  raised  above  the  metal  plate; 
at  one  end  of  the  latter  is  a  circular  piece  of  bra^,  having 
attached  to  it  another  piece  of  brass,  carrying  an  arm  capable 
of  being  moved  up  and  down  by  means  of  a  screw  at  one  end, 
whilst  at  the  other  is  a  seraicircle  siip^wrting  by  screws  a 
ring  of  metal,  to  the  under  side  of  wliich  a  piece  of  tliin  glaaa 
is  cemented ;  the  semicircle  is  made  to  turn  upon  the  arm,  and 
the  arm  and  all  that  is  attached  to  it  is  capable  of  being 
turned  upon  the  bottom  plate. 

The  use  of  this  instnuucut  is  obvious;  if  we  wish  to  com- 
prese  any  substance,  we  mu«t  firet,  by  means  of  the  screw, 
elevate  the  opposite  end  of  the  arm  from  the  objcct-platc  j  the 
arm,  with  all  its  appurtenances,  is  then  to  be  turned  away 
from  the  object-plate,  and  the  object  being  placed  on  the  plate 
with  a  requisite  quantity  of  fluid,  Uie  arm  is  then  to  be 
brought  into  its  proper  place  again,  and  by  means  of  the 
screw,  tlie  metal  ring  with  the  tJiin  glass  cover  can  be  made 
to  exert  as  much  pressure  as  the  thin  gloss  cover  will  staud 
without  breaking,  Messrs.  Powell  and  Lealaml  have  lately 
constructed  a  much  stronger  instrument  than  that  represented 
by  fig.  92,  and  have  made  their  object-plate  of  a  thick  piece 
of  parallel  glass,  raised  as  much  as  the  onc-«ighth  of  an  incli 
above  the  bottom  plate,  so  that  it  can  be  cleaned  without 
much  trouble ;  the  ring  contmmng  the  gloss  cover  is  also  made 
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moch  stouter,  and  fit^  accurately  upon  the  nised  object- 
plate 

Troughs  for  Chora  and  Polyps. — These  oonabt  of  two 
plates  of  glaatt  ecincuted  together,  with  stripa  of  the  same 
material,  or  of  motal  between  them,  to  form  the  sides  of  the 
trough;  one  of  these,  as  described  by  Mr.  Variey,  in  the 
forty-eighth  vol.  of  the  Transactions  of  the  Society  of  Artt^  is 
represented  by  fig.  93.     c  is  a  bottom-plate  of  stout  glass^  upon 

which  ia  cemented  with  pitch 
and  bees'- wax  a  tliin  cover,  d*, 
t;  ff'  "^  ^7  /     with  slips  of  glass  between  it 

and  the  bottom-plate,  to  form 
the  sides.     The  cover,  d,  is  not 
so  broad  aa  the  plate,  r,  in  order 
Fig.  99.  tliat  a  slip   of  chara  may  be 

more  readily  placed  in  the 
trough,  as  it  can  be  6rgt  laid  upon  c,  and  then  gradually 
slid  down  between  it  and  the  cover,  d.  In  order  to  render 
the  trough  more  manageable,  it  may  be  cemented  to  a  larger 
bottom-plate,  a  A,  by  Canada  balsam ;  but  it  will  be  found  tkr 
more  ath'antageous  if  tlie  bottom-plate  iti>elf  be  aa  huge  and 
as  broad  as  a  ^,  and  if  the  cover,  d^  be  cemente<l  to  it  and  not 
to  another  plate,  as  then  two  extra  surfuces  will  be  dispensed 
with.  Mr.  Variey  informs  us  that  a  piece  of  wire  bent  into 
the  Bhai»e  of  the  slips  of  glass  represented  in  the  figure,  and 
covered  thickly  with  a  cement  composed  of  bees'-wux  and 
pitch,  will  form  an  excellent  substitute  for  tlic  slips,  aud  look 
very  neat;  the  cements  of  Canada  balsam  or  sealing;  wax  are 
much  too  brittle  to  last  long,  as  a  euddcn  jiir  will  cause  them 
to  give  way.  ^lessrs.  Smith  and  Beck  supply  with  their 
microscopes  a  larger  and  much  thicker  trough  for  chara  and 
polypSt  as  represented  by  fig.  94 ;  the  front  is  composed  of 
much  tliinner  glass  than  the  back,  and  the  method  adopted  of 
confining  objects  near  to  the  front  varies  according  to  circum- 
stances. One  of  the  most  convenient  plans,  is  to  place  in  the 
trough  a  piece  of  glass  that  will  stand  across  it  diagonally,  » 
representee!  by  fig.  94,  and  if  the  object  be  hea-i-ier  than 
water,  it  will  sink,  until  it  is  stopped  by  the  diagonal  plate. 
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At  other  times,  when  chara  ia  being  obaerrcd,  tbc  diagonal 
plate  may  be  made  to  preBS  it  close  to  the  front  by  means  of  thin 
strips  of  glaae,  or  a  wedge  of  cork,  or  even  a  folded 
spring  of  th'm  whalebone.  When  either  of  tlic»e 
instruments  is  utsed,  it  may  perhaps  be  necessary 
to  remind  tbc  reader  that  the  microscope  must 
be  m  far  iucliued  aa  to  be  nearly  liorlzuntal. 
Messrs.  Smith  and  Beck  a*lapt  to  the  object- 
plate  of  their  large  microscopes  a  strong  eteel 
pin,  upon  whieh  a  spriug-huldcr  la  made  to  lit; 
this  serves  to  keep  the  trough  firm  and  to  prevent 
its  falling  off,  even  when  the  niici'oscope  ia  per- 
fectly horizontal.  This  fonn  of  trough  proved 
very  serviceable  to  Sir.  Lister,  in  1834,  during 
Pi-  gj  his  investigations  into  the  structure  of  eouic  of 
the  higher  orders  of  iKilypy,  and  will  be  found  of 
very  great  value  to  those  who  devote  their  attention  to  this 
most  interesting  branch  of  scientific  inquirv'. 

Froy-Plate. — This  consists  of  a  plate  of  brass,  a  iiy  about  six 
inches  in  length,  and  two-and-a-half  in  breiidth,  and  either  of 
the  shape  represented  by  fig.   95,  or  of  tlie  same  breadth 


.£a. 


^ 


iilV. 


Do 


Fig.  N. 


throughout;  the  former  plim,  first  suggested  by  Mr.  Goadby, 
is  adopted  by  Mr.  Rom,  the  latter  by  Mr.  PowcU.  At  one  end 
it  ia  provided  with  a  plate  of  glaas  to  cover  either  a  square  or 
round  aperture,  6,  made  in  the  brass,  which  aervcs  for  laying 
the  frog's  foot  on.  Around  this  apcrtiu-e  arc  placed  four  or 
more  studs,  c  c,  for  the  purpoee  of  securing  the  threads  by 
which  the  web  of  the  foot  is  kept  oiien;  in  Mr.  Powell's 
plate,  a  serien  of  small  holes  answer  the  same  purpose.     Mr. 
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Powell  alio  secarcs  his  pUte  to  a  large  etogc  bj  means  of  a 
spring  clipi  whilst  that  represented  by  fig.  95  is  provided 
with  a  slightly  conical  brass  pin>  made  to  fit  into  one  of 
the  holes  of  the  object-plate,  and  on  whidi  it  ia  caimble  of 
being  revolved.  At  the  baae  of  the  pin  there  is  a  small  strip 
of  bntM  for  securing  either  tlie  tape  or  string  attached  to  the 
}jag  oonbuning  the  firog.  Some  persona  employ  a  piece  nf 
cork  or  mft  wood  in  preference  to  the  brass  plate ;  tliis  has 
many  advantages,  and  wilt  be  ug:un  alluded  to  in  tbu  rhaptcr 
devoted  to  the  most  approved  methods  of  exhibiting  the 
circnlation  of  the  blood  in  the  lower  animalw. 

Fiih  Troughs. — From  the  time  of  Leeuwcnhoek  to  within 
the  last  few  years,  all  microscopes  of  any  iraijortaucc  were 
supplied  either  with  a  glass  tube  or  a  fish-pan  for  holding 
small  eels  or  minnowts  in  order  that  the  circulation  in  their 
transparent  fins  might  be  seen ;  these  have  all  given  place  to 
the  frog-plate  just  described ;  but  when  it  is  required  to 
exhibit  the  circulation  in  the  tail  of  a  small  fish,  a  glass  cell  or 
trough  will  be  found  very  convenient.  This  should  be  a  little 
deeper  and  longer  than  the  fiah  itself,  and  the  fish  should  be 
secured  in  it  by  a  broad  tape  or  bandage,  wound  loosely  round 
the  middle  third  of  the  body,  or  even  carried  down  to  withiu 
a  very  sliort  distance  of  the  commencement  of  tlic  tail.  In 
order  to  keep  the  fish  olive,  the  bandage  should  be  wetted  or 
the  trough  filled  with  water ;  and  to  prevent  the  flapping  of 
the  tail  against  the  object-glass,  or  the  condensation  of  the 
aqueous  vapour  upon  it^  the  end  of  the  cell  where  tlte  tail  is 
may  l>c  covered  with  a  piece  of  thin  gloss.  The  author  uses 
a  cell  constructed  after  the  plan  shown  by  fig.  96,  which  bu- 

awcrs  the  purpose  very 
welL  a  rcprosente  ft 
plate  of  glass  about 
three  inches  in  length. 
Fig.  96.  ^  A  glass  c(;Il  cemented 

to  it,c  one  of  two  pieces 
of  glass  to  raise  the  Ixtttom-plate  above  tlie  level  of  the  stage, 
in  order  that  the  bandage,  </,  may  He  in  a  cavity,  and  not  pre- 
vent the  trough  from  resting  perfectly  horizontal.- 


.^ms^im^ 
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piece  of  metal  to  keep  down  the  UuL     Some  of  the  advantages 
of  this  little  apparatus  will  be  hereafter  alludetl  to. 

Phial  Holdrr, — This  instrument,  tlie  contrivance  of  Mr. 
Varlcy,  is  represented  in  elevation  by  fig.  97,  and  in  section 
hy  fig.  98.     It  ran^ista  of  a  tube  of  brass  about  on  inch-and- 


Fig.W. 


I'ig.  98. 


ft-half  in  diameter,  and  two  or  more  inches  lo  Icngtii,  having 
an  oval  hole  cut  out  at  the  top,  and  a  Bnialler  tube  attached  to 
the  lower  side,  immediately  upi>osite  tlie  hole;  within  this  last 
slides  a  «tiU  smaller  tube,  pro^-ided  in  its  interior  with  atope 
like  those  in  the  djirk  cluimber,  fig.  57  and  a  curved  plate  of 
brass  at  its  top;  it  is  capable  of  being  moved  up  and  down, 
but  a  spiral  spring  always  preseea  it  towards  the  hole  in  the 
hirge  tube.  The  use  of  this  apparatus  is  obvious;  a  erauuth 
wide  mouth  pliial,  liaving  cliara  or  other  water  plants  growing 
in  it,  is  to  be  introduced  into  the  large  tube  in  the  manner 
represented  by  fig.  97,  the  email  spring  tube  having  been  first 
pushed  down,  the  phial  is  then  kept  firmly  in  contact  wttli  the* 
upper  surface  of  the  outer  tube,  but  not  so  firm  but  that  it 
nmy  be  either  turned  round  ur  Hlid  in  or  out.  ThcZsmall 
outer  tube,  besides  containing  the  dark  chamber,  sen'cs^  the 
purpose  of  attaching  the  whole  of  the  appanitus  to  tlie  stage 
of  the  microscope.  In  order  thjit  the  phial  may  move  very 
smootldy,  all  the  parts  fitting  against  it  should  be  lined  with 
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black  cloth,  and  all  the  parts  of  tbift  apparatus,  as  well  as  of 
all  others  thnitigfa  wliich  light  hits  to  paaa,  should  be  covered 
with  some  black  pigment  to  absorb  those  raye  of  light  which, 
if  reflei-'ted,  would  materially  interfere  with  correct  deiinitiitn. 
Camera  Ltieitia, — Tlus  instrument,  invented  by  Dr.  Wol- 
histon  in  1807,  ii>  a  most  valuable  addition  to  a  mirro»cope^ 
both  for  delineating  minute  structures,  and  for  obtaining  with 
a  micrometer  very  accurate  mca^urcmcnis.  It  coudiata  of  a 
fowr-gided  prism  of  glaae,  set  in  a  hraea  frame  or  case,  a» 
represented  by  fig.  99,  and  by  means  of  a  short  tube  capable 

of  being  applied  to  the 
front  part  of  eitlier  of 
the  eye-piecets  its  cap 
having  been  previously 
taken  off.  Mr.  Rcob, 
from  one  of  whose  in- 
etrument^  fig.  99  is  copied, 
attache*  the  prism,  by  two 
short  support*,  to  a  circu- 
lar piece  of  brue  at  the 
end  of  the  tube;  on  this 
it  can  be  slightly  rotated, 
i   I    :  whilst  the  prism  itself  can 

i    :    ;  also  be  turn«l  up  or  down, 

i    I     ;  by  means  of  two  screws 

:     :     •  witJi  nulled  heads;  soar- 

ranged,  the  camera  may 
be  adapted   to   tl»e   eye- 
piece, the  microscope  hav- 
Pi    gg  ing  been  previously  placed 

in  a  horizoutAl  position ;  if 
the  Ught  be  then  reflected  through  tlic  coiupoimd  body,  an 
eye  phu;eil  ovor  the  square  hole  in  the  frame  of  the  prism  will 
sec  the  image  of  any  object  on  the  stage  upon  a  sheet  of  wlutc 
paper  placed  on  the  table  immediately  below  it.  But  should 
it  happen  that  the  whole  of  the  field  of  view  is  not  well 
illuminnteil,  then,  either  by  revolving  the  circular  plate  or 
turning  the  piism  upon  the  screws,  the  desired  object  will 
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l>c  eifectetL  The  chief  il'iHitntlty  in  tlic  use  of  thict  instru- 
ment is  thiit  of  the  artist  being  able  to  see  at  one  and  the 
aamo  time  the  pencil  uml  the  image ;  to  faeilitate  tlii^  in  some 
meaaore,  Mr,  Hoss  places  either  one  or  two  lenses  below  tho 
prisui,  in  onler  that  the  mys  from  the  pa|»er  and  pencil  may 
di%-er^  at  the  Bamo  angle  as  those  receivetl  from  tho  priHm, 
whereby  botli  object  and  pcncU  tuay  be  seen  with  the  eame 
degree  of  distinctness. 

Mciwrs.  Powell  and  Leiiland  supply  with  their  microscopes 
«  small  highly-polished  steel  mirror,  fixed  at  an  angle  of  forty- 
five  degrees,  and  placid  in  front  of  the  eye-piece,  where 
it  is  held  by  a  spring  clip,  aa  repivseuted  by  fig.  100.     This 

mirror,  being  smaller  than  the 
pupil  of  the  eye,  allows  the  rays 
of  light  from  the  paper  to  enter 
the  eye  around  it,  so  tlwt  both 
the  paper  and  the  imnge  rcHcctcd 
on  it  by  the  mirror,  mity  he  seen 
at  tl»e  same  time  and  under  the 
same  angle.  A  good  form  of 
camera  lucido,  constructed  by  M. 
'^'  Nachet,   together  with   other   in- 

rumcntA  of  a  similar  nature,  will  be  dcacTibed  in  the  chapter 
voted  to  the  uses  of  the  camera  iu  drawing  and  in  micrometry. 
Tntiirator. — For  the  purpose  of  |MjiiUiiig  out  to  those  who 
arc  uninitiated  in  microscopic  reaeiarch  any  particular  part  of 
an  object  that  may  be  in  the  field  of  view,  various  contrivances 
have  been  had  nM)oui-se  to ;  but  the  author,  who  has  often 
ibund  the  want  of  some  kind  of  indicator,  first  employed  a 
ip  of  glass,  on  which  were  ruled  two  lines  at  right  angles 
io  eacli  other.  Tliis  slip  of  glass  was  mounted  in  a  frame 
[of  braes,  and,  like  the  micrometers  of  Mr.  Jackson,  here- 
to be  described,  was  slid  in  through  an  oblong  o[)ening 
"in  one  of  the  eye-pieces  in  tlie  focus  of  the  cye-glas^;  by  tho 
yuled  gla»t)  the  field  of  view  waa  dividml  into  four  compart- 
ments, and  any  object  therein  could  be  so  arranged  by  the 
ailjuBtable  stage,  that  it  might  be  in  the  first,  second,  or  any 
other  compartment,  or  even  be  so  place<l,  that  the  lines 
IU 
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je'ir  intersection 
convemcnt  and 
ivith  tlic  hiohcr, 


Fig.  101. 


it  pass  through  it;  this  plan  was 
Fcred  well  with  the  lower  powers, 
^  dcfiuitioD  was  not  good,  in  conse- 

quence of  the  introduction  of  the  glass  bAween  the  eye 
and  iicld  lenses.  The  author  was,  therefore,  led  to  the  otm- 
stmction  of  the  Indicator,  repreBonted  by  fig.  101,  which  !s 
a  very  mmple  apjiaratus,  and  can 
be  applied  readily  to  any  of  the 
eye-piecofl ;  the  lowest  of  Uiese  is  re- 
presented in  secdon  by  fig.  101,  the 
eye-glaaa  and  field-glass  being  both 
shown  to  be  planoconvex,  i^-ith  their 
plane  surfaces  towards  the  eye.  Im- 
mediately above  the  ficld-^lass  is  seen 
the  Htop  or  diaphragm,  with  an  open- 
ing in  it  about  half-an~inch  in  diame- 
ter; between  the  diaphragm  and  the 
upper  plate  of  the  eye-|^:ce,  a  thm 
spindle  of  wire  is  placed,  having  a 
very  delicate  hand,  a,  like  that  of  a  watch,  attached  to  it  in  the 
fbcus  of  the  eye-glasH.  The  spindle  is  provided  at  its  upper 
part  with  a  small  handle,  h,  for  the  purpose  of  turning  it  und  tlie 
hand  juat  oue-fourt!i  jmrt  of  a  circle.  When  tlie  iudicator  is 
not  wanted,  the  hand  ia  ol>Bcurcd  from  the  field  of  view  by 
being  turned  against  the  side  of  the  tube,  away  from  the  aper- 
ture in  the  stop;  but  when  required  for  use,  it  is  ttu-ned  over 
the  aperture,  and  then  the  field  of  view  appears,  as  is  shown 
by  fig.  102.     The  hand  may  be  turned  into  the  centre  of  the 

field,  and  any  object  in  particular 
that  is  required  to  be  indicated  can 
be  brought  by  the  stage  raovcments 
immediately  opposite  to  the  end  of 
the  hand.  The  form  of  hand  first 
euipluyed  was  one  with  a  hole  near 
its  free  extremity ;  but  it  was  found 
tliat  the  li^t  was  decomposed  around 
the  inner  margins  of  the  ring,  this 
led  to  the  adoption  of  the  form  repre- 
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eented  by  fig.  102,  aa  being  less  liable  to  interfere  with  direct 
definition,  and  alttu  readily  made,  out  of  a  piece  of  ^mall  llui 
eteel  wire. 

Bonnet  or  Uood  for  the  Campmmd  Body. — For  the  purposes 
of  drawing,  or  when  an  object  lius  to  be  carefully  examined 
for  a  long  time  by  lamp-light,  in  order  to  screeu  the  eye  as 
niiirh  as  poRgible  from  all  extra  illuiiiiniitiun,  an  apparatus, 
termed  the  hood  or  bonnet,  \\m  been  contrived  by  Mr.  Lister. 
It  conaste  of  a  shade  made  of  four  or  more  pieces,  either  of 
cardboanl  or  pasteboard,  painted  black,  or  else  covered  with 
black  cloth  or  velvet :  it  ia  of  an  oblong  figure,  and  the  central 
pordoa  fita  upon  tlie  eye-piece  or  upon  the  end  of  the  compound 
body  clo«e  to  it,  whilst  the  remaining  three  pieces  turn  up  to 
form  the  aides;  sometimes  there  is  a  place  cut  out  for  the 
nose  to  fit  into.  When  this  instrument  is  used,  no  light  or 
heat  can  come  near  the  eyes  but  tlrnt  reflected  through  the 
compound  body  by  the  mirror ;  all  glare,  consequently,  is  taken 
away.  Mr.  Lister's  hood  is  ven,-  j>ortable,  the  aides  fold  down 
upon  the  centre-piece,  and  then  it  occupies  a  very  small  com- 
paB&  Mr.  Leonard  has  constructed  a  convenient  form  t^f  hocMl 
of  paate-bojinl  ami  liglit  wood  ;  a  front  view  of  tbis  apparatus 
is  represented  aa  applied  to  the  microscope  in  fig,  103,  and  a 
bftfk  view  in  fig.  104.     Tlie  forehead  ia  sun-oimded  by  the 

circular  top  of  iHute- 
board  covered  with 
thin  leather,  attached 
to  a  piece  of  light 
wood,  into  which  the 
end  of  the  eye-piece 
of  thecompoimd  body 
is  made  to  tit ;  thia 
part  ia  covered  with 
black  paper,  and  two 
depressions  arc  made 
in  it  for  the  nose,  one 
on  cither  side  of  the 
cotnpou  nd  Ijody ,  i  n 
order    that    the    ob- 
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server  may  tise  eith( 
his  right  or  lus  left 
eye.  The  back  of  the 
recesses  for  the  noae 
must  be  made  of 
bUck  silk  or  staff, 
but  not  closed  at  the 
bottom  to  confine  the 
breath,  which  wouU^| 
make  the  eye-gUw^^ 
dim. 
Fig.  104.  Goniometer.  — 

very  valuable  instru- 
ment  for  meararing  the  angles  of  minute  cryetale,  known  oq 
the  goniometer,  the  invention  of  Dr.  Leeson,  is  capable  o^| 
being  applied  to  tlie  microscope,  and  is  furnished  by  Kfessrs. 
Smith  and  Beck  for  this  purpose.  As  some  little  time  is 
required  before  an  obeer\'er  can  get  into  the  way  of  using  it 
with  facility,  it  has  been  deemed  best  to  give  a  detailed 
deecripLion  of  it  in  a  separate  chapter.  ^^ 

The  various  modes  of  employing  the  knives,  forceps,  dia^f 
eccting  and  all  other  instruments  supplied  with  the  best  micro- 
scopes,  n'ill  be  considenxi  in  full  in  other  parts  of  the  work. 
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THE    LAMP. 


The  lamp  generally  used  for  microscopic  purposes  ia  of  the 

kind  called  the  Cambridge  or  Uuiversity  licading  Ljimp,  as 

shown  by  fig.  105 ;  it  ia  mode  of  various  shapes  and  sizes,  :ind 

confti:st0  of  a  circular  reservoir  about  four  or  Jive  inches  in 

diameter,  and  one  or  two  inches  in  dcptli,  having  the  tube 

■  whicli  conveys  tlie  oil  to  the  wick,  iuBerteJ  into  one  side  of 

[the  lower  part  of  the  reservoir;  tlie  tubular  part  rontaining 

I  the  wick  and  mipjiorting  the  giUlery  or  chunney  holder,  termed 

1  the  burner,  is  u  httlc  higher  than  the  top  of  tlic  reeervoir ; 

thia  last  \b  mounted  on  a  small 
Miuare  stem,  about  eighteen  inches 
high,  rising  from  a  heavy  metal 
stand  or  base,  and  pas«ing  tlirough 
the  middle  of  tlie  re8er>'oir,  which 
ie  made  to  elip  up  and  dowu  u^x)a 
the  stem,  and  ia  fixed  at  any  height 
by  nican»  of  a  tightening  ecrcw ; 
the  burner  ia  an  argaiid  one,  and 
the  diameter  of  the  wick  about 
three-quarters  of  an  inch ;  at  the 
bottom  of  the  burner  ia  screwed  a 
little  cup  for  catching  the  super- 
fluous oil.  Upon  the  same  acjuare 
stem  supporting  the  rtacrvoir  may 
be  adapted  a  hood  or  shade  of  a 
conical  figure  ;  this,  like  the  reser- 
voir, slides  up  and  dotvn  the  stem, 
and  may  be  fixed  at  any  required 
Fig.  103.  height ;    it  is  gcncmlly   ma<le   of 

melal,  and  ia  of  a  dork  colour  on 
Uic  outaide,  and  in  the  inside  ia  painted  wliitc,  to  tlirow  the 
light  upon  tlto  tible.  Some  shades  cut  out  of  paper  that  is 
green  on  tlic  out«idc  and  wliitc  in  the  inai<le,  and  fitted  upon 
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a  corneal  frame-work  of  wire,  are  exceedingly  useful,  aadi 
l>erhape  more  eo  than  tiioec  of  metal.  The  shade*  answer 
two  purjMjees,  lite  cue  to  keep  away  8U[>erfluoufi  beat  and 
light  from  the  eyes,  and  the  other  to  throw  a  good  light 
on  the  table,  lite  heat  is  not  entirely  prevented  by  tlie 
metal  shade,  and  Is  very  annoying  when  the  head  is  kept  (or 
»onic  Uiiie  in  the  neighbourhood  of  it,  but  by  tlie  paiter  one 
this  is  obviated,  which  renders  it  certainly  the  best  for  all|^| 
ptu-pceea.  The  method  of  making  these  sliadni^  \s  di^^cribed 
by  Mr.  GwilL*  He  takes  half  a  sheet  of  good  tbolscaj)  |>a[>er 
and  strikes  tliereon  two  senucirclee,  as  in  fig.  106,  the  1< 
diameter  being  thirteen  incliea,  and 
shorter  one  four  inches,  fitting  and  adapt 
ing  it  to  a  skeleton-sliding  (rauic  aa  the 
case  inay  require,  and  then  glueing  or 
Fig.  106.  pasting  the   superfluous  edged  together.^— 

AVbcn  once  properly  fitted,  another  pattemt^ 
may  (previously  to  the  glueing  of  the  e<]ges)  be  traced  out 
and  kci>t  at  hand,  from  which  any  number  may  at  any  time 
be  drawn,  and  a  new  shade  mode  when  wanted,  in  less  than 
ten  minuter.  ^M 

The  head  and  eyes  are  more  efiectually  protected  from  the^* 
heat  by  a  contrivance  of  Mr.  Nasmyth,  who  uses  two  shades 
instead  of  oue.  The  outer  one  is  made  about  a  quarter  of  an 
inch  in  diameter  larger  than  the  inner  one,  and  both  have 
tubes  procecdii^  from  them,  wliidi  are  nused  so  high  as  to 
cover  tlie  tqipcr  part  of  the  chimney  of  the  lamp.  By  this  con- 
trivance, a  current  of  ocJd  air  is  continually  passing  betweea] 
the  two  sluulets  and  the  outer  one  is,  conscr|uentIy,  kept  cool. 
When  it  is  wished  to  illuminate  the  roonx,  and  at  the  same 
time  not  to  have  the  light  in  ibc  eyes,  one  half  of  the  shmlc 
may  be  di^nscd  with,  tlic  remaining  part  being  supported  by 
a  rmg  of  wire  at  the  top  and  bottom,  as  in  the  frame  wludi 
supiKirts  the  paper  shade. 

By  far  the  best  lamps  for  burning,  are  those  on  the 
fountain  principle,  in  which  the  oil  is  always  presented 
the  wiek  at  a  certain  level,  and  whether  the  roservMr 
'  MicrtHOipic  JoHTHol,  Vol.  i.  ]i.  4a. 
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quite  fiill  or  nearly  empty,  the  light  is  perfectly  uniform, 
which  is  not  the  case  with  the  Cambridge  lamp  before  men- 
tionedj  unlew  it  be  constructwl  upon  the  plan  of  Mr.  Speiicer, 

dc»cribcd  in  page  157.  The  author 
for  many  yeara  has  used  a  small 
French  fouutain  lamp,  fig.  107 ;  it 
has  an  exceedingly  atnall  wick,  al  w:iya 
bums  well,  and  gives  on  excellent 
light,ftnd  the  consumption  of  oil  being 
ainall,  il  Is  advanUtgcous  in  on  econo- 
mical point  of  view.  There  are  many 
other  little  contrivances  in  this  French 
lamp,  wliich  dcaervo  a  separate 
dc»mptiou.  The  stem  docs  not  pass 
through  the  reservoir,  as  in  tlie  Cam- 
bridge lamp,  but  through  a  square 
piece  of  brass  having  two  holes,  ono 
on  either  side  of  that  tlirough  whicli 
the  stem  passes ;  these  holes  commu- 
nicate with  the  reservoir,  and  the  oil 
flows  through  them  into  tbc  tube 
^'       '  supporting  the  burner.     By  this  ar- 

rangement the  reservoir  is  plaiced  on  one  side  of  the  stem  and 
tbc  burner  on  the  other,  and  the  two  balance  each  other. 
The  gallery  supporting  the  cliimncy  is  provided  with  ten 
fiu-like  pieces  of  soft  brass,  about  tliree-<iuarter8  of  an  inch  in 
length ;  these  stand  up  in  a  circle  and  press  against  the  sides 
of  the  chimney  and  keep  it  steady;  they  can  be  bent  eitlier 
inwards  or  outwards  to  fit  any  clumney  that  will  go  into  the 
lower  part  of  the  gallery.  The  cup  at  the  bottom  of  the 
burner,  to  hold  the  suiwrfluous  oil,  is  iugcniuiialy  furnished 
with  a  funnel  •(•hitped  mouth  just  above  the  screw,  by  which  it 
u  attached  to  tlie  burner ;  the  funnel  receives  all  the  oil  that 
runs  down  the  outside  of  the  burner,  and  In  it  are  two  holes 
by  which  tlie  oil  may  escape  into  tlie  cup.  This  coutHvanco 
prevents  the  oil  from  flowing  over  the  outside  of  the  cup, 
wliich  by  tliesc  mc;m8  i^  kept  clean. 

Some  French  lamps  lukve  a  rack  and  pinion  for  nu«ing  the 
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Wick,  instead  of  a  ooane  screw.  The  piuioo  b  attached  near 
the  lower  end  of  the  bomer,  anil  is  tamed  by  n  milled 
head,  but  from  tlie  arcumetaocc  of  the  piuioa  working  in  the 
oil,  it  is  foniMl  that,  after  a  little  u^  the  oil  will  escape  be- 
tween the  pinion  and  the  collar  in  whidi  it  works,  and  will 
be  continually  dripping.  Thefle  lamp6  are  pronded  also 
with  very  long  chimneys,  and  the  gallery  wliich  mp[iorts  the 
chimney  is  made  to  elide  up  and  down  the  burner,  so  as  to 
dimlnitth  or  increase  the  intexuitr  of  the  li-Hit:  but  bv  haviug 
a  lamp  of  the  form  repreeented  in  fig.  107,  llie  long  chim- 
ney and  tlie  risk  of  leakage  are  done  away  with.  The  only 
inconvenience  in  the  vse  of  the  fountain  lamp  19  that  the 
reaerxuir  may,  by  luititakc  or  accldeot,  be  pulled  up  when 
nearly  fiill  of  oil,  and  it  sometimes  happens,  on  retnming  it  to 
itii  place,  that  a  considerable  quantity  of  oil  will  escape ; 
this  will,  therefore,  raise  the  level,  and  the  wick  receiving 
more  tliau  it  can  cou:-ume,  tlie  excess  will  escape  by  the 
interior  and  exterior  tube  of  the  burner,  and  the  cup  at  the 
bottom  to  receive  this  cxcesH  will  si>ee(Uly  fill  and  overflow. 
The  first  indication  of  this  occurrence  will  be  given  by  the 
elongation  of  the  flame,  and  by  its  smoking,  in  consefjuenoe  of 
the  holes  in  the  cup,  which  admit  the  lur  into  tlie  interior  of 
the  flame,  U:ing  stopped  up. 

To  ensure  a  good  light  from  a  lamp,  many  things  roust  of 
neoeamty  be  attended  ta  The  lamp  should  be  perfectly 
clean,  and  the  wick  &o  long  as  to  be  at  leant  one  inch  alnive 
the  brass  to  which  it  is  attached.  The  tube  through  which 
tlic  air  puses  to  supply  the  interior  of  the  H»nie  fthould  be  free 
from  portions  of  charred  wick,  which  utlcu  lodge  in  it,  and  the 
liolea  in  the  cup  at  the  bottom  of  the  burner  must  not  be 
covered  with  oil.  The  oil  itself  ought  to  be  the  best  sperm, 
and  no  lamp  of  tlic  Cambridge  kind  should  be  piit  a«de 
for  a  long  time,  but  should  be  occasionally  burnt.  Those 
on  the  fountain  principle  will  burn  well  even  at>er  ha\'ing 
been  out  of  use  for  some  mouths,  as  tlic  oil  is  kept  con- 
tinually on  a  level  with  tiie  top  of  the  wick,  but  in  the 
other  form,  when  tlic  n?9crvoir  is  not  full,  the  oil  baa  to  find 
its  way  to  the  top  of  tlic  wick  by  capillary  attraction. 
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Particuliir  attention  ought  to  be  paid  to  the  eize  and  shape 
of  tlie  chimney.  In  passing  »  chimney  over  the  flume  into  its 
place,  it  may  !>«  seen  tliat  tliere  is  one  point  where  the  flame 
n  at  the  brightest ;  this  point  should  be  noticed,  and  if  the 
glast  when  in  it*)  place  doen  not  keep  tlie  light  at  the  aame 
intensity,  then  the  contmcted  [mrt  or  shoulder  of  the  chimney 
is  eitlier  too  high  or  too  low  for  the  i^iirfiiceof  the  wick;  a  few 
experiments  will  Boon  settle  this  puint  If  the  maxiniiuu  of 
fig^t  be  obtained  before  the  chimney  cornea  into  its  proper 
place,  then  tlie  contracted  part  or  shoulder  of  the  glass  is  not 
high  enough ;  if,  on  the  oontniry,  the  maximutn  of  light  be  not 
obtjuncd,  then  the  shoidder  of  t!ie  cluinncy  is  too  high ;  hence 
the  necessity  of  having  a  gallery  that  can  bo  ailjustcd  to 
chimneys  of  diiferent  hei^ta,  as  recuinnicndcd  by  Mr. 
Gwilt.*  Generally  speaking,  the  shoulder  of  the  chimney 
should  be  on  a  level  with  the  top  of  the  wick,  and  lU  diameter 
at  that  part  should  not  he  more  than  two-thirds  of  an  inch 
greater  than  that  of  the  outside  of  the  wick.  'I'liose  chiumeya, 
pro\ided  either  with  a  disc  of  metal  or  talc,  or  which  arc  con- 
tracted just  above  the  wiek,  as  seen  in  fig.  105,  appear  to 
answer  the  best,  as  with  theru  tlic  most  intense  light  is  pro- 
duced. Chimneys  have  lately  been  made  of  a  light  blue  or 
neutral  tint  ghiss,  which  answer  tlieir  purpose  exeeediugly 
well,  OS  they  completely  destroy  the  yellow  colour  of  the 
flame,  and  render  it  beautifully  wliite.  If  a  lamp  having  one 
of  these  chimneys  he  placed  by  the  side  of  another  ha\-iiig  a 
chunney  of  the  ordinary  kind,  the  difference  between  the  two 
will  he  veiy  striking. 

Chimnet/  S'fuule. — Thhj  piece  of  apparatus  is  described  by 
Mr.  Holland,  in  the  forty-ninth  volume  of  the  Transactions  of 
thif  Socirttf  of  Arts.  It  cuusii-t«  of  a  tube  of  brusi*,  a  little 
longer  and  broader  than  the  chimney  of  the  lamp,  having  on 
one  aide  a  hnise  plate  with  an  aj>crtm'e  three-qiiartcrs  of  on 
,  inch  in  dianioter,  that  eon  he  moved  up  or  down  in  front  of 
the  flame  of  the  lanij>  by  a  rack  and  piniou.  The  tube  cute 
off  all  the  light  from  the  room,  except  that  which  can  paee 
tltrougb  the  aperture  above  described,  and  its  use  is  that  of 
•  Mtcroxvopical  JounuiK  vol.  i.,  p.  5B, 
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proventing  any  light  &om  falling  upon  an  opaque  object, 
cxwpt  from  the  bole  in  the  ebadc,  in  order  that  Uie  light 
on  it  may  be  contraBted  etrongly  with  the  surrounding  dark 
nicdiuni.  The  author  has  used  a  ehade  of  tinned  iron,  made 
black  on  the  outside  witli  size  and  lamp-black,  tlrnt  answers  the 
auiie  )>iir[Kwe  at)  tlic  tAmda  uf  Air.  Holland ;  but  the  plan  of 
raifiing  or  deprcdsing  the  hole  for  the  light  to  puoi  through  he 
did  nut  adopt. 

OiL — The  best  oil  for  burning  in  lamps  is  that  known  as 
eponn.  ITint  obtnined  from  the  cocoa-nut  is  very  cheap,  and 
giveit  A  good  light,  but  it  has  rather  a  disagreeable  smell, 
which  is  objtx'tionable ;  besides,  it  is  very  acid  in  its  nature, 
luul  liuup0  in  which  it  is  used  should  be  cither  entirely  made 
of  tinned  iron,  or,  if  of  brass,  they  should  be  tinned  in  the 
innd^  Any  hunp  which  bums  tliis  oil  will  be  noticed  to  have 
nil  brsM  vrork  in  contact  with  the  oil  speedily  coated  with 
vonlign:^  The  euimuou  solar  oil  will  bum  very  well  in  tlie 
fuiuitaiu  lamji^t  e9[>ecially  if  the  chimney  be  constructed  like 
that  in  ti^.  M^.^.  but  in  all  tbotte  with  the  Hat  reservoir  it  is  far 
t>ni  ^'^^^  ■  S'luc  |H'T80ns  atc  in  the  habit  of  burning  a  com- 
tiuui  kiud  (\f  Florence  or  olive  oil,  but  it  does  sot  answer  so 
welt  nil  i(|>onn,  a#,  like  the  »>lar,  it  succeeds  better  in  the 
ItHintatii  Uu){u>  than  in  tlto^e  with  a  flat  reservoir. 

Jttfivf*A»t  (>iK — The  autlKir  has  lately  been  informed  by  his 
IHwu^  J.  IL  KmUb,  Esq.,  of  Bristol,  that  an  oil,  extracted  trora 
ihv  bwricM  of  «  ahrub  of  the  genus  Jatn>pha,  found  in  the  Cape 
do  V«ld  InUiuls  is  iweii  by  all  the  microecopists  in  that  city;  it 
buriw  woU,  glvM  a  very  bright  light,  and  id  (X'rfectly  free  frcau 
■im<ll,  it  tk)M  ml  ol<y,  but  will  keep  pure  in  laiupd  for  a  very 
Uiiijt  timoi  Uio  only  tiling  requiring  attention  is  that  the 
lamp  bo  wartninl  aOcr  it  h  trimmed  before  being  lighted. 
MdHHi  Vii^M*  iind  Miller,  of  Bristol,  are  the  sole  importers  of 
lhi<Mi  herriet  and  manufacturers  of  the  oil,  and  the  prioe,  which 
aliHi  I«  M  rtH'ouniif^ndittion,  %-nries  irom  4s,  6ti.  to  5s.  per  gallon. 

('UfHttHj/  LitMftJt. —  Ijoiupe  way  be  cleaned  by  nearly  tilling 
lliu  rtiNiirvuIr  wUh  a  wUutioii  of  c«iudo  potasli,  and  allowing  it 
((I  iliMul  liir  a  day  or  two,  when  all  the  old  oil  will  be  coa- 

tiMl  lulo  ii(m|i.     'Ilie  iH>t«sli  c«n  then  be  thrown  out  and 
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tlio  lamp  repcatedl^r  rinsed  wttb  worm  water  until  it  is  eufii- 
cieutly  clean,  which  ib  knowa  by  the  water  coming  out  quite 
pure ;  some  boiling  water  may  now  bo  poured  in  and  allowed 
to  remain  for  a  few  minutea  to  thoroughly  warm  every  |Mu*t; 
it  must  then  bo  poured  out,  and  the  lamp  turned  upside  down 
and  kept  aear  a  fire  until  it  is  dry,  wliL:n  it  la  fit  for  use  a^n. 
Care  must,  however,  bo  taken  not  to  allow  the  potash  to  run 
over  on  tlie  outride  of  any  part  of  tlie  lam[>,  aa  it  will  destroy 
whatever  bronze  or  paint  it  comes  in  contact  with. 

Wiien  the  lamp  is  required  to  be  used  immediately  afler 

cleaning,  turpentine  or  eampliine  may  be  employed  witli  great 

^advantage  :  it  readily  dissolves  the  old  oil,  and  even  ii'a  small 

luantity  has  been  leil  in,  it  will  mix  readily  with  new  oil,  and 

all  the  trouble  of  tlie  potasli  and  hot  water  will  bo  avoided. 

Portable  Cundle  Xa/H/;.— Mr.  Jackson,  to  whom  we  are  in- 
debted for  so  many  improvements  in  the  mechanical  arninge- 
ments  of  the  microscope,  employs  as  a  substitute  for  a  lamp  a 
candle  lamp  of  the  following  constniction : — rt,  fig.  108,  repre- 
sents a  brass  foot  about  tliree  inches  in 
diameter,  into  which  is  screwed  a  tube,  fr, 
about  six  inches  long  and  one  in  diameter. 
Witliin  this  slides  a  smaller  tube,  that  is 
provided  with  a  cylinder  of  wax,  which  is 
pressed  on  by  a  spiral  spring,  like  a  Pal- 
mer's candle ;  the  upper  port  of  this  inner 
tube  is  seen  at  c/,  it  has  fastened  to  it  a  disc 
of  brass,  having  a  rim  on  its  outer  edge  to 
support  the  chimney,  c,  which  is  kept  firmly 
in  its  place  by  a  tliia  circular  ring  of  brass, 
having  three  notches  in  its  outer  margin ; 
these  fit  under  three  wedgetl-shaped  pieces 
of  metal  on  the  edge  of  the  disc,  and  pre- 
vent the  chimney  from  falling  oft'.  Tlic 
cylinder  of  wax  is  not  pro\Hdcd  with  a  wick, 
Kg.  108.  but  a  short  piece  of  twistetl  cotton,  to  answer 

the  purpose  of  a  wick,  is  placed  upon  a  sharp  point  of  wire,  as 
seen  at  ^.  A  condensing  lens,  /,  provided  with  all  the  usual 
niovcmonts  for  adjustment,  can  be  attached  to  a  small  fiu- 
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like  process  connected  with  tlie  disc  of  metal  carrying  the 
chimney,  and  by  it  both  opaque  and  transparent  objecla.can 
be  ilhmiinatcd. 

For  convenience  of  carriage,  the  tube,  and  the  clmnney,  c, 
con  ho  removed,  and  the  inner  tube,  d,  having  been  pulled  out 
of  bf  tlie  chimney,  willi  a  cylinder  of  card-board  covered  with 
cloth,  can  bo  slid  over  the  tube,  A,  and  the  whole  will  then  park 
in  a  small  compass.  The  cylinders  of  wax  are  similar  to  tJiose 
constructed  by  Molyneux,  but  the  first  mention  of  their 
applicatiun  att  an  Illuminator  for  the  microscope  wad  made  by 
Mr.  Jackson  to  the  Microscopical  Society  in  1841. 

A  wax  candle  will  be  found  to  give  a  very  pure  wliite  light, 
and  may  be  used  as  a  substitute  for  the  lamp;  but  unless  the 
flame  be  covered  with  a  chimney,  the  constant  fltckeiing  from 
currents  of  air,  occasioned  by  persons  raonng  about  in  the 
room,  becomes  an  annoyance.  The  luvel  of  the  flame  is  aisu 
constantly  varying  as  the  candle  is  being  consumed,  hence  it 
is  necciiMiry  to  employ  such  a  caudlustick  sls  that  represented 
by  fig.  109 ;  by  means  of  which  either  a  long  or  a  short  piece 
of  candle,  c,  may  be  brought  to  the  re- 
quired height  by  moving  the  socket  into 
which  the  canfUe  fits,  eitlier  up  or  down 
the  stem,  b,  that  supports  it,  and  fixing  it 
by  a  screw.  A  foot,  a,  loaded  with  lead, 
will  be  required  to  keep  the  candlestick 
perfectly  steady.  Many  [>ersons  now 
bum  camphine ;  the  lamps,  however,  arc 
generally  too  high  for  the  microscope; 
but  a  small  lamp,  mounted  on  an  ad- 
justable stand,  especially  adapted  for 
Fig.  109.  the  microscope   will    be    hereafter   de- 

scribed. 

Tliose  who  may  liave  their  houses  supplied  with  gas  will  find 
tliat  by  means  of  a  tlexihlc  tube  connected  vnt\i  an  argand  or 
other  burner,  mounted  on  a  niovtuible  stand,  they  will  get  a 
■very  convenient  light  for  all  purposes,  if,  fur  instance,  iu 
the  centre  of  tlie  room  there  be  a  cluindelier,  then  a  flexible 
tube  may  be  screwed  to  one  of  the  pipes,  aud  being  attached 
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br  its  opposite  end  to  a  burner,  the  tube  will  allow  of  it8  being 
moved  about  to  all  pnrta  of  the  table  where  it  may  be  re- 
quired. If  the  table  be  a  fixture,  a  large  gaa  pipe,  luiviiig  a 
number  of  screws  at  the  top  to  receive  union  joints,  may  be 
brought  up  through  its  centre,  and  aa  loany  burncre  a^  may 
be  required  attarhed  to  the  centnd  pipe  by  means  of  flexible 
tubea.  In  all  cases  the  argand  burner  should  be  mounted 
on  a  fttand  aimtlar  to  that  of  the  oil  lampjt,  figa.  105  and  107,  so 
that  the  tlaiue  may  be  raised  or  dcpicsacd  to  suit  every  kind 
of  microBCOpe. 

In  order  to  render  the  light  from  a  Cambridge  lamp  as  per- 
fect when  the  oil  lias  become  low  aa  when  the  reservoir  is  full, 

Mr.    Spencer,    of 


Blat^kheath,  haare- 
commended  to  the 
autlior  the  follow- 
ing very  excellent 
contrivance.  In 
fig.  no  is  aho^'n 
the  burner,  and  a 
aection  of  the  re- 
servoir, of  a  Cam- 
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Fig.  110. 


bridge  lamp,  the 
latter  haying  a  dia- 
phragm, D,  firmly 
fixed  by  solder  to 
the  top  and  all 
sides  of  its  inte- 
rior, except  the 
lower  edge,  where  it  is  distant  from  the  bottom  one-sixteenth 
part  of  an  inch.  On  the  ojiposite  side  of  the  rcsen-oir  ia 
firmly  screwed  a  etop-cock,  S,  witli  flexible  tube  of  gutta 
percha  or  other  material,  and  mouth-piece,  T.  When  the 
lamp  bums  dimly,  from  want  of  oil  or  Bhort  wick,  remove  the 
cap.  A,  and  breatlie  gently  through  the  tube,  T,  till  the  oil 
rises  to  the  proper  level,  L,  and  immediately  close  the  stop- 
cock. The  lamp  will  then  burn  as  brightly  oa  it  did  when  the 
reservoir  was  full. 


158  PRACTICAL  TRKATIFK  ON  TlIE  MiritOSCOrK. 

To  CUan  Chimneys  of  /.amps. — In  all  coses  where  a  chim- 
ney is  used  with  a  lamp,  it  is  liable  at  times  to  become  dull 
and  smoky ;  tins  cannot  bo  washed  off  by  water  alone,  a  nmnll 
quantity  of  faydrochloiic  acid  added  to  the  water  will  at  once 
remove  it  Wbon  this  is  not  at  hand,  a  mixtnre  of  common 
salt  and  vinegar  will  answer  tlic  same  purpose.  A  piece  of 
lUiuici  fastened  to  the  end  of  a  stick  and  dipped  into  either  of 
these  liquids  will  serve  to  convey  it  to  all  part^  of  the  gla»s. 
Care  must  be  taken  to  have  the  chimney  wiped  perfectly  dry 
before  it  is  put  over  the  flame,  otherwise  it  is  liable  to  crack, 
and  when  the  lamp  is  first  lighted,  it  is  adnsable  to  have  the 
entire  circle  of  the  wick  lighted  before  the  chimney  is  put  on ; 
some  persons  put  the  chiumcy  on  when  only  a  portion  of  the 
wick  is  lighted,  this  is  always  attended  with  rink. 


CHAPTER  V. 

ON  THE  MAONIFTIKG  roWEBS  CSEP  WITU  PIMPLE  AND 
ACHROaiATIC  COMTOIND  MIL'KOSCOPEA 

It  has  been  previously  stated,  at  page  G4,  that  the  magnifying 
pDwcn  employed  with  the  simple  microscopes  may  be  divided 
into  those  consisting  of  one  lens  only,  or  into  those  of  two  or 
three  lenses  combined,  and  termed,  in  consequence,  eitber 
doublets  or  triplets.  The  former  was  fitate<l  to  answer  ex- 
ceedingly well  for  all  tlie  lowest  powers,  and  tlte  latter  for 
the  highest.  It  would  be  foreign  to  our  purpose  to  enter  in 
detail  into  all  the  different  methods  of  constructing  the  mag- 
niiying  powers  or  lenses  that  from  time  to  time  have  occupied 
tlie  attention  of  the  learned  in  this  and  other  countries,  nor 
will  it  be  necessary  to  trace  the  altc-nitiun  in  course  tlint  tho 
rays  of  light  undergo  in  their  passage  through  lenses  of  the 
varioui*  6gure8  employed  in  optical  iustrmuents.  as  these  will 
be  found  fully  df^ttrilxKl  in  the  works  exclusively  devoted  to 
this  subject;  but,  in  order  to  understand  in  wliat  an  achro- 
mnlie  object-glass  diflers  from  one  of  the  ordinary  construction, 
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it  will  be  requisite,  in  the  first  place,  tbftt  certtun  terroe, 
such  as  splterical  and  chromatic  aberration,  be  fully  under* 
Btood.  Most  persons  are  familiar  with  the  fact,  that  when 
parallel  rays  of  light  foU  upon  a  plauo  or  double  convex 
lena,  they  are  brought  to  a  pmnt  at  a  certain  distance 
from  the  lena,  w}iich  point  is  termed  their  focus.  Thus  sti^>- 
pOBC  io  fig.  1 1 1  that  the  rays,  L  L,  &c.,  wluch  are  drawn 
parallel,  arc,  after  passing  through  the  planoconvex  lens, 
brought  to  a  focna  at  F,  this  would  take  place  if  the  lena  wens 
pcricct ;  but  it  is  found  in  practice,  tliat  instead  of  meeting  in 
a  angle  point,  F,  the  rays  arc  subject  to  two  different  causes 
of  error  or  aberration,  the  first  ifi  called  the  spherical,  t}i8 
second  the  chromatic  aberration;  and  as  no  lens  can  bo  mode 
except  that  seen  in  section  in  figs.  Ill  and  112,  viz.,  the  plano- 
convex, withont  both  its  Burfacea  being  portions  of  spheres, 
and  it  ha\-ing  been  abundantly  proved,  tliat  no  leus  with  a 
spherical  surfiice  (^.n  bring  the  rays  of  light  issuing 
from  one  point    into   a    lor'us    at   another    point,  all    must 

t^^^^^^^^^^^^^^^^^  he  subject  to  what  Is 
^^^^^^H^^^^^^^^^^^^l  termed  spherical  alterra- 
^^^^^m  ^^^^^^^^^H  ^'(m,as&hown  in  fig.  112, 
^^^^^1  H^B^^^^BII  where  L  L,  &c.,  repre- 
Hj^^^H     M^BS^^St^  ^^'*^  parallel  rays  of 

I^^^S   ^H^^B^^^^I  ^^^  t^^°  onteT  of 

^^^^^Sajfl^^^^^^^^l  be 

p.  into  a  focus  at  F,  whilst 

the  two  next,  supposing 
■^■^H^^^^^H^^^^^^^H   them  very  the 

^^^^^B  ^^P^^^^^^^^^l  trc,  will  be  refracted  to 
^^^^^B  ^^^^S^^^^^^H  a  more  distant  [Kvintat,/^ 
^^^^^B  ^^^^S^^^^^^l  the  ditituuce  from  F  to 
^^^^^H  ^^^^^^Bfl^^H  /  being  cidled  the  hnf/i- 
^^^^^H  ^^B^^^^^^^^B  fudinal  spherical  aberm- 
Hj^^^^B^^^^^^^^^^^^Hj   tion.  the  lens  were 

t'j„.  ii-i.  jflttccd  witli  its  convex 

side  towards  the  parallel 
rays,  the  abt^rration  would  then  be  comparatively  trifling;  the 
same  result  would  be  obtiuned  even  if  the  k-na  were  equally 
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ooavex  on  both  aide^  A  socoud  difficulty  now  aivcs, 
termed  ehromatie  ahrrration  ;  whatever  bo  the  tomi  of  the 
surface  of  the  lens  opposed  to  the  light,  tlic  nmteixU  itself 
will  act  upon  different  portions  of  t-jich  ray  with  different 
forces,  and  scfiaratc  the  white  fi^ht  into  a  variety  of  colours; 
thia  I'flR'ct  in  i-pprpspntt'd  hy  fi^'.  113;  L  L,  Ar  ,  are  pandk-l  rays 

of  light  falling  u[M<n  a  plano- 
convex lens;  two  of  these, 
one  from  the  margin,  the 
other  from  nearer  thecentn^, 
arc  shown  a«  dispersed  and 
culuured,  a&  in  the  Bpco- 
trum  formed  by  a  prism ; 
FiB- 113.  these    coloured    rays    will 

cross  each  other  at  S  IS,  the  violet,  being  more  refrangible  than 
the  red,  will  be  bruuglit  to  a  focu^  nearest  to  tltc  lens,  so 
tliat,  besides  the  spherical,  there  is  the  chromatic  aberra- 
tion. Whenever  a  ray  paitHes  from  one  medium  into 
another  more  or  less  refractive,  the  dispersion  is  ceitain  to 
take  place.  As  evci*y  lene.'aeeording  to  it»  figure,  ia  more  or 
less  subject  to  tliesc  two  kinds  of  abemitions,  it  l)ccorae« 
necessary  to  Hscertoin  how  such  sources  of  error  may  be 
remedied ;  this,  aiii  will  pi^esently  be  shown,  can  Imj  at;eora- 
plished  to  some  extent  by  the  employment  of  two  or  more 
lenses  instead  of  one,  ao  as  to  divide  the  refraction 
among  a  larger  number  of  tiurfnces ;  tlic  defect  may  also, 
in  some  measure,  be  counteracted  by  diminishing  tJie 
Aperture  of  the  lens,  by  placing  a  stop  or  diaphragm  be- 
hind it,  to  cut  of)'  tlie  jH^riphoral  rays,  but  thi.-i,  in  all  caK«, 
is  attended  with  loss  of  light,  and  although  the  lens  defines 
better,  its  penetrating  power  is  reduceil  in  alike  pn^portlnn. 
For  all  lenses  of  very  low  jKiwcr  thnt  are  ciupluvL-U  witli 
simple  microscujws  for  dissecting,  the  spherical  and  chi-omatic 
aberration  need  hardly  be  considered;  it  is  only  when  the 
higher  jmjwcib  are  required  to  be  used  singly  or  cither  of  them 
as  object-gUeses  for  tlie  compound  instrument,  that  tlie  two 
kinds  of  aberration  must  of  necessity  be  done  away  with,  or, 
in  other  word^  the  aperture  must  be  increased  without  inter- 
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fcring  with  definition.  The  spherical  aberrntion  may  be  con- 
Biderably  diminitihed  hy  attentling  to  the  figure  of  the  lens 
employed ;  lhu8,  if  it  be  a  planoconvex,  the  convex  aide  Bhould 
be  placed  towards  the  eye,  if  a  double  convex,  it  hna  been 
found  in  practice  that  one  whose  radii  are  in  the  proportion  of 
one  to  six  ia  the  form  in  which  the  aberration  is  the  least;  but 
it  can  be  entirely  got  rid  of  by  combinations  of  lenses  ao  dis- 
posed, that  their  opposite  aberrations  may  correct  each  other; 
this  was  first  accomplished  in  a  satisfactory  manner  by  the 
doublut  of  Dr.  Wulla^ton,  beforu  described  in  pages  30  and 
65,  as  consisting  of  two  planoconvex  lenses  whose  focid  lengths 
mrc  ID  tlic  proportion  of  one  to  three,  the  lens  of  sliortest  focus 
being  placed  next  the  object,  and  the  convex  surfaces  of  both 
directed  towards  the  eye,  with  a  stop  or  diaphmgra  between 
them.  Wollaston  did  not  employ  the  stop,  as  his  doublets  were 
of  such  high  power,  that  the  lenses  nearly  touched  each  other. 
The  action  of  the  doublet  will  be  best  understood  hy  the 
diagram,  fig.  114,  copied  from  Mr.  Itoss's  article  "  Microscope," 

before  alluded  to,  where 
P  represents  a  portion  of 
iJie  pi4iil,  I)  D  the  dia- 
phragm or  (itop,  and  L  O 
L'  the  object.  E:ich  of  the 
{>cncil8  of  light  from  the 
extremities  of  the  object 
L  L'  is  rendered  eccentric 
by  tlie  stt>p,  and  the  ray 
I  hat  passed  through  the 
first  lenH  near  to  the  cen- 
tre is  made  to  pass  through 
the  periphery  of  the  se- 
cond lens,  and  on  the  op- 
posite side  of  the  common 
axis,  P  O ;  thus  each  is 
affected  by  opposite  errors 
which,  in  some  measure, 
neutralise  each  other,  and 
^the  njB,  RB,  R  B,  euuupiting  from  L,  being  bent  to  the 
U 
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right  in  the  lower  Icd%  and  to  the  left  in  tlie  upper,  and,  u 
the  most  reirangiblo  of  the  coloured  rays  the  blue,  is  altered 
in  its  couree  at  each  bending,  and  falle  near  the  margin  of  the 
second  lens,  where  the  refraction  it*  more  powerful  than  in  the 
centre,  the  blue  and  red  rays  will  emerge  very  nearly  parallel, 
and,  consequently,  colourlera  to  the  eye ;  thus  the  clirom&tic 
aberration  la  almost,  if  not  entirely  destroyed,  whilst  the 
spherical  has  been  considerably  diminished  by  the  circtmi- 
etance  that  the  side  of  the  pencil  which  posses  ooe  Icub 
nearest  the  axis,  passes  the  oUicr  ueareat  tlie  margin.  But 
however  carefully  «  doublet  of  this  form  may  be  constructed, 
there  must,  of  necessity,  be  some  small  amount  of  error;  the 
central  pencil  will  occupy  the  same  relative  position  in  both 
lenses,  the  correction  of  this,  consequently,  will  be  imperfect, 
and  all  those  rays  intermediate  between  the  centre  and  the 
margin  will  vary  according  to  tlicir  distance  from  one  or  the 
other ;  bnt  allowing  this,  the  doublet  is,  nevertheless,  vastly 
superior  to  any  single  lens  of  the  some  power,  and  may  be 
made  to  transmit  a  pencil  of  an  angle  from  35°  to  50**,  with- 
out any  very  eenaiblc  errors,  and  to  exhibit  most  of  the  usual 
test  objects. 

Another  most  important  improvement  in  the  magnifying 
power  of  the  ample  microaoope  is  the  triplet  of  Mr.  Holland, 
before  described  in  pages  3 1  and  65 ;  in  this  instrument  three 
lenses  are  employed,  the  two  lowest  being  phoed  close  to- 
gether, and  the  stop  between  them  and  tlie  third.  The  firtt 
bending  of  tlie  rays  being  accomplished  by  two  lenses  instead 
of  one,  the  aberrations  are  so  much  diminished,  that  the 
second  bending  neutralizes  them  entirely.  The  triplet, 
though  cwnposed  of  three  lenses,  is,  nevertheless,  a  doublet  In 
its  acfeicm,  and  is  c^HU)le  of  transmitting  a  pencil  of  sixty-five 
degnw  with  distinotnees  and  correctness  of  definition;  with 
it  we  arrive  at  the  highest  stage  of  perfection  that  the  single 
microecope  has  ever  yet  attained,  as  the  errors  of  spherical 
and  chromatic  aberration,  to  which  all  single  lenses  are  more 
or  teas  subject,  are  nearly  destroyed ;  but  however  well  either 
the  triplet  or  the  doublet  may  j>erform  soparately,  they  will 
sot  answer  well  as  object-glasses  to  the  compound  microscope. 
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where  any  en-or,  however  alight,  in  the  object-glaae,  is  further 
magnified  by  the  eye-piccc.  The  construction  of  a  magni- 
fying power  for  the  compound  microscope  is,  tliorcfore,  a 
more  complicated  matter  tlian  that 
tithcr  of  a  doublet  or  triplet ;  for  not 
oiily  must  several  leiwes  be  employwl 
to  form  ouc  magnifier,  but  even  two 
different  kinds  of  glass  rau^t  be  used 
for  one  lens  of  such  magnifier;  and 
throughout  tlie  whole  range  of  optical 
science,  perhfl|w  there  ie  no  single  pro- 
blem tliat  Imd  ever  yet  engaged  so 
mwch  of  the  attention  of  the  learned, 
in  lUl  countries,  as  tliat  of  aeluroniatisiM  ; 
and  of  all  the  triumphs  in  science  tliat' 
have  jjcen  achieved  hv  a  combiimtion 
of  the  lalK)ure  of  Uie  luatliematician  and 
the  workman,  no  one  Cftn  outvie  in 
delicacy  of  construction  and  in  impor- 
tance a  well  nuwic  achromatic  combi- 
nation. 

In  onTer  to  understand  the  different 
parts  entering  into  the  eompoaition  of  a 
perfect  object-glass  for  the  compound 
microscojKS  it  must  be  first  shown  how 
the  ray«  of  light  comport  tlicmselves  in 
their  passage  tliroiigh  a  comjiound  ini- 
croseopc  of  the  ordinary  kind,  that  is 
not  achromatic.  Fig,  115  rcprciH.'nts  a 
compound  microscope  of  two  lenses, 
A  B  being  an  objuct,  C  D  the  object- 
glass,  and  L  M  the  eye-glass.  The 
rays  proceciling  from  the  object,  A  B, 
arc  acted  on  by  the  lena,  C  D,  and  are 
brought  to  u  foi-us  at  B'A';  hut  not 
being  intercepted  there,  they  cross  and  pass  ou  till  thoy  reach 
the  eye-glass,  L  M,  by  which  tiiey  are  rendered  nearly 
parallel,   and    as    such    reach   tlie   eye,    the   inu^e,    B'  A', 
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auBwering  as  an  ol^ect  to  the  rii^le  lens,  L  Bl.     The 
ni^'ing  power  of  the  compoond  microeoope  depends,  fint,  on 
the  front  foctu  of  the  lena,  C  D^  that  ia  the  distance,  C  A  or 
I D  B ;   secondly,  on  its  posterior  focus,  C  B*  or  DA';  and 
I  thirdly,  on  the  focus  of  the  lens,  h  M.     The  power  may, 
'  therefore,  be  increased  by  substitutii^  a  lens  of  shorter  focal 
'^length  for  C  D  or  L  M,  or  by  making  the  (Ust&nce  between 
C  D  and  L  M  greater.     By  the  addition  of  a  second  lens  at 
the  eye  end,  the  field  of  view  is  much  increased,  and  wo  have 
what  is  termed  an  eye-piece ;  but  by  this  arrangement  no- 
thing has  been  done  to  diminish  either  the  ^>herical  or  the 
chromaltc  aberra^on    of  the    object-glass,  C  D.     One  very 
great  afU-antago  which  the  compound  has  over  the  simple 
microscope,  besides  the  greater  magnifying  power,  is  that  the 
field  of  view  ia  laxge  and  almost  equally  good  In  all  directions, 
whereas,  in  the  simple,  the  field  la  small,  and  only  good  in  the 
centre.     But  however  well  an  instrument  of  this  kind  may  be 
constructed,  it  will  fail  to  exhibit  even  many  of  the  ordinary  test 
objects ;  it  is,  titerefore,  unfit  for  the  purposes  of  scientific 
t  inTeaCigation,  for  in  the  diagram  given  at  fig.  115,  it  most  not 
be  suppose*!  that  the  image  of  the  object  formed  at  B'  A  is  a 
correct  one ;  on  the  contrary,  a  space  for  some  distance,  botli 
Ebove  and  below  it,  may  be  considered  &e  occupied  by  an 
infinite  number  of  variously  coloured  images  of  different  sizes, 
that  interfere  with  each  other,  and  necessarily  render  the 
definition  indistinct     To  overcome  all  these  difficulties  has 
been  a  labour  of  years,  and  for  an  account  of  the  various  steps 
towards   improvement   wluch   have   taken  place,  the  reader 
must  consult  the  latter  part  of  the  Tlistory  of  the  Mteroteape^ 
beginning  at  page  32,  where  thcee  points  are  described  in 
chronological  order, 

H»e  first  attempts  to  achromatise  the  object-glass  were  not 
very  successful ;  and  we  find  that  within  the  last  twenty-five 
years  such  philosophers  as  Biot  and  WoUaston  predicted  that 
the  compound  microscope  would  never  excel  the  simple  when 
supplied  with  doublets  Happily  for  us  such  opinions  have 
been  since  found  to  be  groundless,  "and  the  compoimd  micro- 
scope." wys  Mr.  Ross,  ,"  within  the   last  fifteen  yeara,  has 
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been  elevated  from  the  condition  previously  described,  to  that 
of  being  the  most  im{K>rtaDt  inatrutncnl  ever  yet  bestowed  by 
art  upon  the  investigator  of  nature."* 

In  the  doublet  of  WoUoaton,  and  in  the  triplet  of  Mr,  TIoI- 
laod,  before  described,  the  lenses  were  all  made  of  the  same 
kind  of  material ;  but  in  order  to  render  an  object-glaae  for  a 
compound  microscope  achromatic,  gloss  of  two  different  den- 
sities, and  flint,  crown,  or  plate,  must  be  emjiloycd  for  each 
lens,  ae  ia  the  telescope  invented  by  Dollond. 

Glaaees  on  this  principle,  of  ^'ariou8  de^^es  of  merit,  had 
'been  made  about  the  year  1824,  by  Sclliguc,  Fraucnhofcr, 
and  Amio,  on  the  continent,  when  WlIHam  Tulley,  of 
London,  without  knowing  what  had  been  done  by  them,  sue- 
cccded,  in  that  year,  in  making  the  first  English  achromatic 
object-glass  for  a  compound  microscope ;  it  was  composed  of 
tlircc  lenses,  and  was  capable  of  tninsmitting  a  pencil  of  18** ; 
be  aoon  after  constructed  another  combination,  to  be  placed  in 
front  of  the  first  mentioned,  which  increased  the  angle  of  tlie 
pencil  to  38**;  thus  was  the  difficulty  overcome.  Mr.  Tulley 's 
object-glass  exhibited  a  flat  field,  and  was  perfectly  corrected ; 
to  it  also  was  applied  an  eye-piece,  by  which  the  magnifying 
power  produced  was  one  hundred  and  twenty  diameters,  but 
when  the  second  combination  was  added,  the  power  was  in- 
creased to  thn^e  hundred.  ]VIr.  Tulley  was  encouraged  and 
greatly  aided  in  his  researches  by  Dr.  Goring  and  ilr.  Joseph 
Jackson  Lister,  but  still  he  never  obtained,  by  his  own  com- 
binations, an  angular  aperture  beyond  thlrt^'-cight  or  forty 
degrees :  it  was  left  for  Mr.  Lister,  in  1829,  to  point  out 
bow  lenses  composed  of  two  kinds  of  glass,  with  their  inner 
surfaces  in  contact,  could  be  combined  so  as  to  give,  with  ease 
and  certainty,  a  correction  over  the  whole  field,  and  at  the 
eome  time  to  transmit  a  much  larger  pencil  Mr.  Lister's 
pajier,  as  before  stated,  at  page  40,  was  pubHslied  in  tlic 
Philosophical  Transactions  of  the  Royal  Society,  anil  so  valuable 
was  the  information  aflbrded  by  it>  that  from  the  time  of  its 
publication  up  to  tlie  present,  it  lias  been,  the  foundatiua  of 
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inoet  oT  the  improTemcnU  in  the  at^hmmatic  microscopes  mule 
in  Eng'aid. 

For  all  the  detail  connected  with  this  tniiKirlant  subject, 
the  reader  k  referred  to  the  paper  itsell'  in  the  Philosophical 
Tramartimts,  where  will  be  found  the  various  steps  by  which 
Mr.  Liutcr  \\w>  led  to  such  valuable  rceulta.  The  achromatic 
object-gludses  made  by  our  three  moat  eminent  opticiaiu, 
^Mcasrs.  Powc'll>  Koss,  and  Smith,  cunsist  of  two  or  three 
rom{Mtund  lenses,  which  are  fixed  in  a  lonar  tnbo  or  case,  those 
of  high  power  hitting  the  adjustment  ehown  in  fig.  22,  page 
■42,  or  in  sertion  in  Hg.  116,  where  A  repreaenta  tlie  anterior 
piiir  of  lenses,  M  the  middle,  and  P  the 
[Kisterior,  the  three  seta  combined  form 
the  achromatic  object-glass,  AU  the 
firat-nite  iiititi'umcuta  ore  supplied  with 
a-s  many  as  five  or  ax  of  these  objec- 
livei^,  by  wliich,  magnifying  powers  can 
be  obtained  from  20  up  to  2,000  dia- 
meters. Tlie  great  expense  of  their 
uinnufjicture  has  been  always  a  liar  to 
the  more  general  employment  of  the 
Fig.  lie.  achromatic  microscope;  and  to  diminish 

this,  combinations  have  been  made,  in  whieli  the  tube  con- 
taining tlie  front  lenses  may  be  drawn  off,  the  back  glass 
being  thus  used  alone  for  a  low  jwwer,  with  a  dark  i*top  slid 
over  it  Messrs.  Smith  and  Beck  still  sometimes  supply  their 
.one-and-a-half  inch  and  two-thirds  of  an  incli  glasses  bo  cod- 
etnictcd,  and  thus  produce  glasses  of  three  inches  and  one- 
^juid-a-quarter  inch ;  Mcasra.  Powell  and  Koss,  on  the  con- 
trary, always  snpply  distinct  combinations.  The  ol^eotr 
glasses  made  on  the  Continent  consist  of  sets  of  three  or 
more,  screwed  one  njwin  the  other;  of  these,  the  first,  second, 
ur  third  may  be  used  separately  or  combined ;  by  tJtus  means 
tliree  different  |»owcrs  nmy  be  obtained,  but  their  construction 
does  not  allow  of  fine  correction  throughout  the  range.  A 
:tioD  of  a  modem  compound  achromatic  microscope,  as 
mnnufacttired  by  otir  best  makers,  is  represented  by  fig.  117, 
w  here  o  is  an  object,  and  above  it  is  seen  the  triple  achro- 
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matio  object-glass,  in  cocncctioD  with  the  cye-ptcce,  E  E, 
F  F,  the  planoconvex  lens,  E  E,  being  the  eye-glass,  and  F  F 
the  ficM-glasd,  nnd  between  them  at  B  B 
a  dark  stop  or  diaphragm.  The  course 
of  the  light  ie  shown  by  three  raya, 
drawn  from  the  centre,  and  three  from 
each  end  of  the  object,  o ;  these  rays,  if 
Li  not  prevented  by  the  lens,  F  F,  or  the 
diaphragm  at  B  B,  would  form  an  image 
at  A  A ;  but  as  they  meet  with  the  lens, 
F  F,  in  their  passage,  they  are  con- 
volved by  it,  and  meet  at  B  B,  where 
the  diaphragm  is  placed  to  intercept  all 
the  light  except  that  required  for  the 
formation  of  a  perfect  image,  the  image 
at  D  B  is  further  tuaguifiod  by  the  lens, 
E  E,  as  if  it  were  an  original  object  in 
the  manner  described  at  pages  67  and 
1 63.  The  triple  achromatic  combiuation 
constructed  on  Mr.  Lister's  improved 
plan,  although  cfipable  of  transmitting 
large  angular  pencils,  and  corrected  as 
to  its  own  errors  of  spherical  and  chro- 
matic aberration,  would,  nevertheless, 
be  incomplete  without  an  eye-piece  of 
peculiar  construction.  As  this  subject 
has  been  so  admirably  treated  by  Mr. 
Rosa,  in  the  Pniny  Cyrlop<F.dia,  it  has 
been  thought  most  desirable  to  quote 
his  own  words,  as  follows : — 

"  If  we  stopped  here,"  says  Mr. 
Koaa,  "we  should  convey  a  very  im- 
perfect idea  of  the  beautiful  series  of 
corrections  effected  by  the  eye-piece, 
and  which  were  first  pointed  out  in 
detail  in  a  paper  on  the  subject,  pub- 
lished by  Mr.  Vorley,  in  the  fifty-first 
Fii."ll7.  volume  of  the  TnuuactionM  of  Ote  So- 
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ciettf  of  ArU.  The  eye-piece  ia  question  was  invented  by 
Huyghens  for  telescopes,  with  no  other  view  than  that  of 
diminiwhing  the  spherical  ^>erratiou  by  producing  the  refnic- 
tions  at  two  gUases  instead  of  one,  and  of  increads^  the  field 
of  view.  It  consists  of  two  pUnoconvex  lenses,  with  their 
plane  sides  towards  the  eye,  and  placed  At  a  distance  i^iart 
equal  to  half  the  sum  of  iheir  focal  lengths,  with  a  stop  or 
diaphragm  placed  midway  between  the  lenses.  Huygfacns 
was  not  aware  of  the  value  of  his  eye-piece ;  it  was  reserved 
for  Bodcovicb  to  potut  out  that  ho  had,  by  this  important 
arrangement,  acddentally  corrected  a  great  part  of  the  chro- 
nmtic  nbcrration.     Let  fig.    118  represent  the   Huyghenian 

uye-piecc  of  a  microscope, 
F  F  being  the  field-glaes, 
and  K  E  the  eye-glass,  and 
L  &[  N  the  two  extreme 
rays  of  each  of  the  three 
{Msncils,  eniaimting  from  the 
centre  and  enils  of  the  ob- 
ject, of  which,  but  for  the 
field-glass,  a  series  of  co- 
loured im^cs  would  be 
formed  from  R  R  to  B  B ; 
tliosc  near  K  H  being  red, 
those  near  B  B  blue,  and 
tlie  intermediate  onea  green, 
yellow,  and  bo  on,  corre- 
sponding with  the  colours  of 
the  prismatic  spectrum.— 
This  order  of  colouis,  it  will 
be  observed,  is  the  reverrc 
of  that  occurring  in  the  com- 
mon compoimd  mioroscope, 
represented  by  fig,  1 15,  in  which  the  single  object-glaw  pro- 
jects tlie  red  image  beyond  the  blue.  The  cfiect  just 
described,  uf  projecting  tlie  blue  iniage  beyond  the  red,  is 
purposely  produceil,  for  reasons  presently  to  be  given,  and  is 
cnlled  over -correcting  the  object-glass  as  to  colour.     It  is  to 


Fig.  118. 
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be  observeti,  also,  that  the  uiiagcs^  B  B  and  K  R,  are  curved 
in  the  wrong  directlun,  to  be  diutinctly  seen  by  a  convex  eye- 
lens,  and  this  is  a  (urther  defect  of  the  comiwund  mieroecope 
of  two  lenHec).  But  tlie  Acld-^rlasd,  at  the  same  time  tliat  it 
bcnde  the  rays  and  converges  them  to  foci  at  B'  B'  and  B  R', 
ako  reverses  the  curvature  of  the  images  as  there  shown,  and 
pvee  them  the  form  beat  adapted  for  distinct  vision  by  the 
eye-glass,  E  11.  The  lield-gla8a  has  at  the  same  time  brought 
the  blue  and  red  images  closer  together,  so  that  they  arc 
adapted  to  iiass  uncolourcd  through  the  cyc-glosa.  To  render 
this  important  point  more  intelligible,  let  it  be  supposed  that 
the  object-glass  had  not  been  ovcrHX>rrcctcd,  that  it  Itad 
been  perfectly  achromatic ;  the  rays  would  then  have  become 
coloured  as  soon  as  they  had  |>aa3cd  the  field-glass;  the  blue 
rays,  to  take  the  central  pencil  for  example,  would  converge 
at  by  and  the  red  rays  at  r,  which  is  just  tlie  reverse  of  what 
the  eye-lens  requires ;  for  as  its  blue  focus  is  also  shorter  than 
ita  red,  it  would  demand  rather  that  the  blue  image  should  be 
at  r,  and  the  red  at  b.  This  effect  we  have  shown  to  be  pro- 
duced by  tlie  over-correction  of  the  objcct-glasa,  which  pro- 
trudes the  blue  foci,  B  B,  as  much  beyond  the  red  foci,  RR,  «a 
Uie  sum  uf  the  distances  between  the  red  and  blue  foci  of  the 
field-lens  antl  eyu-lent* ;  so  that  Uic  scparntion,  B  H,  is  exactly 
taken  up  in  passing  Uirough  those  two  lenses,  and  the  whole 
of  the  colours  coincide  as  to  fooil  distance  us  soon  as  the  rays 
have  passed  the  cyc-lens.  But  while  they  coincide  as  to  dis- 
tanrx^,  they  diiler  in  anotlicr  rcapect ;  tlic  blue  images  are  ren- 
dcre<i  smaller  thnu  the  red  by  the  superior  refractive  power  of 
the  field-glass  u|H)n  the  blue  rays.  In  tracing  the  j>endl,  L, 
for  instance,  it  will  be  noticed  tliat  nfler  passing  the  fieM- 
glasB,  two  sets  of  lines  are  drawn,  one  whole,  and  one  dotted, 
the  former  representing  the  red,  and  the  latter  tlie  blue  rays. 
This  is  the  accidental  effect  in  the  Huyghenian  eye-piece 
|iointcd  out  by  Bosco^ich.  The  separation  into  colours  of 
iJhe  field-glass,  is  like  the  over-correction  of  tlie  object-glass ; 
it  leads  to  a  subsequent  complete  correction.  For  if  the  dif- 
fcrcDtl}'  coloured  rays  were  kept  together  till  they  reached 
tlie  eye-glass,  ihcy  would  tlieu  become  coloured,  and  present 
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coloured  images  to  the  eye ;  but,  fortunately,  and  most  befluti- 
fuUy,  tlic  separation  effected  by  the  field^laas  causes  the  blue 
rays  to  fall  so  much  neiirer  the  centre  of  the  eyc-glflas,  (where, 
owing  to  the  spherical  fif^nre,  the  refractive  power  ij*  leas  than 
at  the  mafgio,)  that  the  ^herical  error  of  the  eye-Ieos  consti- 
tute? a  nearly  perfect  balance  to  the  chromatic  dispersion  of 
the  ficld-leos,  and  the  red  and  blue  rays,  L'  and  L",  emerge 
sensibly  parallel,  preseuling,  in  consequence,  the  perfect  defi- 
nition of  a  single  point  to  the  eye.  The  same  reasoning  is 
true  of  the  intermediate  colours  aud  of  the  other  pencils.^ 

From  wliat  has  been  dtated^  it  is  obvious  that  we  mean,  by 
an  achromatic  object-glass,  one  in  which  the  usual  order  of 
dispersion  is  so  far  reversed,  that  the  light,  sStcT  undergoing 
the  singularly  beautiful  scries  of  changes  effected  by  the  eye- 
piece, shall  come  uncoloured  to  the  eye.  We  can  give  no 
specific  rules  for  producing  these  results.  Close  study  of  the 
formula;  for  achromatism,  given  by  the  celebrated  mathema- 
tiuans  we  have  quoted,  will  do  much,  but  the  principles  must 
be  brought  to  the  test  of  repeated  experiment.  Nor  will  the 
experiments  be  worth  anytliing;,  unless  the  curves  be  most 
accurately  measured  and  worked,  and  the  lenses  centred  and 
adjnstcd  with  a  degree  of  prcciidou  which,  to  those  who  are 
familiar  only  with  telescopes,  will  be  quite  unprecedented. 
^\'hen  object-classes  of  high  power,  constructed  upon  the 
improved  plan  of  Mr.  Lister,  came  to  be  accurately  tested, 
Mr.  Ross  found  out  ttiat  if  they  exhibited  well,  objects  that 
were  uncovered,  they  did  not  show  so  beautifully  those  that 
were  covered  with  thin  glass  or  mica,  with  or  without  being 
Jinmersed  in  fluid.     He  speedily  found  a  remedy,  which,  in 

Icr  to  be  fully  understood,  must  be  described  in  his  own 

"words,  taken  eitlier  from  the  original  paper  in  the  Trtvisac- 

tioHS  of  the  Socitti/  of  Arts,  or  from  the  article,  "  Microscope," 

in  the  Penny  Ctfchpadia,  wliich  has  been  already  bo  oSiea 

quoted. 

"  Mr.  Lister's  new  principles  were  applied  and  exhibited 
by  Mr.  Hugh  Powell  and  Mr.  Andrew  Koss,  with  a  d^p^e 
of  success  that  had  never  been  anticipated;  so  perfect,  indee<l, 
icere  the  corrcctioDS  given  to  the  achromatic  objcct-gUsa — ■ 
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80  completely  were  the  errors  of  ephericity  and  diaperdon 
biiliuiced  or  destroyed — that  the  circumstance  of  covering  the 
object  with  a  plate  of  the  thinnest  glass  or  niica  disturbed  tho 
corrections,  if  tliey  liad  been  adapted  to  an  uncovered  object, 
and  rendered  on  object-glaes,  which  was  perfect  under  one 
condition,  sensibly  defective  under  the  other.  This  defect, 
if  thiu  should  bo  called  a  defect  wliich  arose  out  of  improve- 
iiicut,  was  tint  discovered  by  Mr.  liosa,  who  immediately 
suggested  the  means  of  correcting  it,  and  presented  to  the 
Society  of  Arts,  in  1837,  a  jMiper  on  the  subject,  which  waa 
pnblifOiod  in  the  Hfty-firat  volume  of  their  TransactionSy  and 
whicli,  as  it  its  like  Mr.  Lister's,  essential  to  a  full  under* 
fetauding  of  the  ultimate  refinements  of  the  infitnicQeDt,  we 
slmll  extract  nearly  in  full : — 

"  In  the  course  of  a  practical  investigation,"  Bays  Mr.  Ross, 
**  with  a  view  of  constructing  a  combluatiuu  of  lenses  for  the 
object-glass  of  a  compound  microscope,  wluch  should  be  free 
from  the  effects  of  aberration,  both  for  central  and  oblique 
-pencils  of  great  angle,  I  combined  the  condition  of  the  greatest 
j)0ssible  distance  between  the  object  and  object-glass;  for  in 
object^lafiscs  of  short  focal  length,  tlieir  closeness  to  the 
objet^t  has  been  an  obstacle  in  many  cases  to  the  use  of  high 
magnit^'ing  powers,  and  is  a  coustaut  source  of  inconve- 
nience. 

"  Tn  the  improved  combination,  the  diameter  is  only  suffi- 
cient to  admit  the  pro[>er  pencil ;  the  convex  lenses  are 
wrought  to  an  edge,  and  the  concave  have  only  suiBcient 
thickness  to  support  their  figure ;  consequently,  the  combina- 
tion is  tho  thinneet  possible ;  and  it  follows  that  there  will  be 
the  greatest  distance  between  tlie  object  and  the  object-glass. 
Tlie  focal  length  is  one-eighth  of  an  inch,  having  an  angidar 
mH-rtiire  of  fiO**,  with  a  distance  of  one-twenty -fifth  of  an 
inch  and  a  magnifying  power  of  970  times  linear,  witli  perfect 
definition  on  the  most  difficult  Podura  scales.  I  have  mode 
pbjoct>glasecs  of  one-eixtccntb  of  an  inch  focal  Icngtli;  but  as 
tlie  angidar  aperture  cannot  be  advantageously  increased,  if 
the  greatest  distance  between  tlie  object  and  the  object-glass 
is  preserved,  their  use  will  he  very  limited.     The  quality  of 
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the  definition  produced  by  an  achromatic  compound  raicn>- 
ecope  will  depend  upon  the  accuracy  witli  wliich  the  abcrra- 
tioms  hotli  chromatic  and  spherical,  are  balanced,  togetlier 
with  the  general  perfection  of  the  worknianslup.  Now,  in 
WoUftston's  doublets  and  Holland's  triplets,  there  arc  no 
means  of  producing  a  balance  of  tlie  aberrations,  as  tliey 
are  composed  of  convex  lenses  only;  therefore  the  best  that^ 
can  be  done,  is  to  make  the  aberrations  a  minimum;  tite 
remiuning  positive  aberration  in  these  forms,  produces  ita 
peculiar  effect  upon  objects  (particularly  the  detail  of  tlic  tHa 
transparent  class)  which  may  lead  to  misapprehension  of  their 
true  structure;  but  witli  the  achromatic  object-glass,  where 
tlie  aberrationH  ore  correctly  balanced,  tlie  most  minute  parts 
of  an  object  ore  accurately  displayed,  ao  that  a  satisfactory 
judgment  of  their  character  may  be  formed.  It  will  be  seen 
by  fig.  119,  that  when  a  certain  an^Iar  jwncil,  A  O  A,  pri>- 
coeds  from  the  object,  O,  and  is  incident  on  the  ptnnc  side  of 
tlie  first  lens,  if  the  combination  be  removed  from  the  object, 
OS  in  fig.  \tiOt  the  extreme  mys  of  the  peudl  impinge  on  the 


hifi.  119. 


Fig.  120. 


more  marginal  parts  of  the  glass,  and  as  the  retivctions  ore 
greater  here,  tlie  aberrations  will  be  greater  also.  Now,  ^\ 
two  comiKiund  object-glasses  have  their  aberrations  balance^ 
one  being  situated  as  in  fig.  119,  and  the  other  as  in  fig.  120. 
and  tho  mme  distiirbiu|r  ]M>wrr  a[)plie<l  to  both,  tliot  in  which 
ike  angloi  of  incidence  and  the  aburraliuus  ore  small,  will  not 
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be  BO  much  disturbed  as  where  the  angles  are  great,  and 
where,  consequently,  the  abermtions  increase  rapidly. 

"  When  an  objcct-glaas  haa  its  aberrations  balanced  for 
viewing  an  opaque  object,  and  it  is  required  to  examine  that 
object  by  transmitted  light,  the  correction  will  remain;  but 
if  it  be  necesaary  to  immerse  the  object  in  a  6uid,  or  to  cover  it 
with  gluB  or  mica,  an  aberration  will  arise  from  these  circum- 
stancea  which  will  disturb  the  pre%iouB  corrccUon^  and,  con- 
sequently, deteriorate  the  deBnition,  and  this  effect  will  be 
more  obvious  with  the  increase  of  the  distance  between  the 
object  and  the  object-ghtss.  The  aberration  produced  with 
diverging  rays  by  a  piece  of  flat  and  parallel  glass,  such  aa 
would  be  used  for  covering  an  object,  is  repre&cutc<l  at  fig.  121, 


Kifi.  121. 

where  G  G  G  Q  is  the  refracting  medium,  or  a  piece  of  gloss 
covering  the  object,  O,  and  O  P  the  axis  of  the  pencil,  perpen- 
dicnlar  to  the  flat  aurfacea,  O  T  a  ray  near  the  axis,  and 
O  T  the  cxtrerao  ray  of  the  pencil  incident  on  the  nnder 
Boriace  of  the  gUas:  then  T  R  T  R  wilt  be  the  directions  of 
the  rays  in  the  medium,  and  R  K  R'  E'  thneo  of  the  emergent 
rays.  Now,  if  the  course  of  these  raya  is  continued  aa  by  tlie 
dotted  linea,  they  will  bo  found  to  intersect  the  axis  at  dif- 
ferent distances,  X  and  Y,  from  the  surface  of  tlie  glass;  and 
the  distance,  X  Y,  is  the  aberration  produced  by  the  medium 
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which,  ae  before  stated,  interferea  with  the  previously  b&lanccd 
abcrratioDfl  of  the  several  lenses  composing  the  object-glaaa.  '^ 
There  are  many  cases  of  this,  bnt  tlie  one  here  selected  servca 
best  to  illiidtmte  the  princijilc.  If  an  objcct^Iase  is  eon-' 
structed  as  repredented  by  fig.  120,  where  the  posterior  com- 
bination, P,  and  the  middle,  M,  Iiavc  together  an  excess  of  ' 
negative  aberration,  and  if  thia  Ik?  corrected  by  the  anterior  M 
combination.  A,  baling  on  excess  of  positive  aberration,  then 
this  latter  combination  can  be  made  to  act  more  or  leas  power- 
fully upon  P  and  M,  by  making  it  approach  to  or  recede 
from  them ;  for  when  the  three  are  in  close  contact,  the 
distance  of  the  object  from  the  objcct-glasa  is  greatest,  and, 
consequently,  the  rays  from  tiic  <d>ject  are  diverging  from  tf 
point  at  a  greater  distance  than  when  the  combinations  arc 
separated,  and  as  a  Icna  bends  the  rays  more,  or  acts  with 
greater  effect,  the  more  distant  the  object  is,  from  which  th« 
rays  diverge,  tlie  oflect  of  the  anterior  combination  A,  upon 
the  other  two,  P  an<J  M,  will  vary  with  its  distance  from 
thence.  When,  therefore,  the  correction  of  the  whole  is 
effected  for  an  opaque  object,  witli  a  certain  distance  between 
the  anterior  and  middle  combination,  if  tliey  are  then  put  in 
contact,  the  distance  between  the  object  and  tlie  objecl-gloss 
will  be  increased ;  consequently  the  anterior  combination  will 
act  more  powerfully,  and  tho  whole  will  have  an  excess  of 
poffltive  aberration.  Now,  the  effect  of  the  aberration  pro- 
duced by  a  piece  of  flat  and  parallel  glass  being  of  the  nega- 
dve  character,  it  is  obvious  that  the  above  considerations 
su^^et  the  means  of  correction  by  moving  the  lenses  nearer 
together,  till  the  positive  aberration  thereby  proiluced  balances 
the  negative  aberration  caused  by  the  medinmL  Tlic  ])re- 
ceding  refers  only  to  Uie  spherical  aberration,  but  tlie  effect 
of  the  chromatic  is  also  seen  when  an  object  is  covered  with  a 
piece  of  glass ;  for  in  the  course  of  my  experiments,  1  obser^'cd 
that  it  produced  u  chromatic  thickening  of  the  outline  of  (lie 
Poduta  and  other  delicate  scales,  and  if  diverging  rays  near 
the  axis  and  at  the  margin  are  projected  through  a  piece  of 
flat  parallel  glass,  with  the  various  indices  of  refraction  for 
the  ditlcrent  colours,  it  will  be  seen  that  each  ray  will  emerge 
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Kparated  into  a  beam  consisting  of  the  component  coloim  of 
the  ray,  aad  tliat  each  beam  ia  widely  different  lu  fonu.  This 
difference  hcin;;  mnf^ificd  by  tlie  power  of  the  microwope, 
reatlily  accounts  for  the  cliromatlc  tliickcning  of  the  outline 
just  mentioned.  Therefore,  to  obtmn  the  finest  definition 
of  extremely  dcHeatc  and  minute  objects^  they  8houId  be 
viewed  without  a  covering ;  if  it  be  desirable  to  immeriw  them 
in  fluid,  they  should  be  covered  with  the  thinnest  posuble 
film  of  micji  or  glaaa,  aa  from  the  character  of  the  chromatic 
aberration,  it  will  be  seen  that  varying  the  distances  of  the 
combinationij  will  not  seneibly  affect  the  correction;  though 
object-lenaes  may  be  made  to  include  a  given  flnid  or  solid 
medium  in  their  correction  for  colour." 

The  mechanism  for  applying  theae  principles  to  the  correc- 
tion of  an  object-glaas  luder  the  various  ctrcuuiijtanccfi,  has 
been  already  described  at  page  42,  where  also  was  shown,  by 
fig.  22,  a  vertical  section  of  an  achromatic  object-glass,  of  one- 
eighth  of  an  inch  focus ;  the  mode  of  making  the  adjustments 
according  to  the  plan  of  Mr,  lioss,  as  well  as  that  of  Mr. 
Wcnham,  which  has  only  lately  been  proixwed,  will  be  fiilly 
described  in  the  chapter  devoted  to  test  objects. 

*'  It  is  hardly  necessary  to  observe,"  says  Mr.  Ross,  "  that 
the  necessity  for  this  correction  is  wholly  independent  of  any 
particular  construction  of  the  object-glose ;  as  in  all  easea 
where  the  object-glass  ia  corrected  for  an  object  uncovered, 
any  covoring  of  glass  will  create  a  different  value  of  aberration 
to  tlio  first  lens  which  prcWousIy  balanced  the  aberration 
resulting  from  the  rest  of  the  lenses;  and  as  this  disturbance 
is  effected  at  tlie  first  refraction,  it  is  independent  of  the  other 
part  of  the  combination.  The  viability  of  the  effect  depends 
on  the  distance  of  the  object  from  the  ohjcct-glasa,  tlie  angle 
of  the  pencil  transmitted,  the  focjU  length  of  the  combination, 
the  thickness  of  the  glass  covering  the  object,  and  tlie  general 
perfection  of  the  corrections  for  chromatism  and  the  oblique 
pencils." 

The  object-glasses  that  are  supplied  with  the  »ljustment, 
for  thickness  of  glass,  are  the  highest  powers,  viz.,  the  one- 
sixteenth  of  an  inch  in  focal  lengtJi,  the  one-eighth,  the  one- 
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fburtli^and,  in  dumc  cuscs,  tlic  onc-liull';  in  all  tlic  [Kiweni  lower 
than  these,  the  adjustment  is  not  required,  as  tiic  tliickiicss  of 
the  gla£fl  cuTer  doea  not  luatcrially  inteHere  with  tlieii-  definition. 
The  eye-piecei  supplied  with  the  compound  niicroecopea 
are  of  the  Huyghenian  piinciple  beture  dceicrihcd,  and  are 
generally  three  in  number;  they  may  be  designated  by  tho 
letters.  A,  B,  and  C,  the  first  being  tlie  lowest  in  [H>wer,  tho 
last  tlie  highest.  Those  of  Messrs,  Powell  and  Smith  are  so 
coniftruoted,  that  witli  tlic  uuc-inch  object-glasse»  the  uiaj^ni- 
fying  power  with  A  will  be  about  30,  with  B  6U,  and  C  lUU. 
or  in  tlic  pn>j>ortiun  of  1,  2,  3  ;  but  Mr.  UotM  varied  the  power 
of  the  second  or  B,  and  his  proportion  is  al)out  1,1^  and  2|. 
llie  lowest,  or  that  marked  A,  is  the  one  more  cumnionly 
employed,  the  others,  especially  C,  are  not  so  frequently  u*ed, 
in  consequence  of  tlie  loss  of  light,  and,  in  some  casett,  of  defi- 
nition also;  but  all  are  extremely  necessary  when  wo  wish 
to  gain  an  incrcaw  in  the  magnifying  power  witliout  the 
employment  of  a  higher  ohject-glass.  Two  otlicr  forma  of 
eye-piccc  are  sometimes  employed,  one  of  which  was  invented 
by  itamsden;  it  consists  of  two  planoconvex  lenses  witli  tlieir 
convex  sides  towards  each  other,  and  is  used  with  the  micro- 
meter. If  a  divided  glass  scale  or  fine  wires  be  placed  exactly 
where  the  image  formed  by  the  object-glass  is  situated,  the 
scale  and  tlic  image  will  be  magnified  together,  and  every 
part  of  the  image  will  be,  as  it  were,  brouglit  in  contact  with 
a  scale,  the  value  of  each  of  the  divisions  of  wliich  can  be  accu- 
rately ascertaineil,  even  to  tlie  twenty-thousandth  of  an  inch. 
The  curvature  of  tJio  imago  formed  by  this  eye-piece  is  not 
reveraed  as  in  the  Huyghenian  form,  hence  it  has  received  tlic 
name  uf  a  positive  eye-piece,  in  contradistinction  to  that  of 
Iluyghens,  which  is  termed  a  negative  one ;  but  however 
accurately  such  an  eye-pioce  may  be  mode,  ita  defining  powt  r 
is  not  so  good  as  that  of  Huyghens,  but  Mr.  lioss  states,  that  if 
the  glasses  were  made  up  of  two  achromatic  comhinations,  thia 
eye-piece  would  be  by  far  tlie  most  perfect  of  all,  botli  for 
telescopes  and  uiicroscu|»cs.  Some  persons  employ  either  two 
plano-convex  or  double  convex  lenses  as  a  substitute  for  the 
single  eye-lena  of  tho  eyc-pieoe,  in  order  tliat  the  field  of  view 
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may  be  consideraiily  increased  without  any  great  regorJ  to  cor- 
rectncas  of  the  details.  For  this  purpose.  Dr.  Carijcnter  statca," 
**  That  he  has  l)een  in  the  habit  of  iimiig  an  eye-piece  consisting 
of  a  meniscus,  having  the  concave  side  next  the  eye>  and  a  con- 
vex lens,  having  the  form  of  least  aberration  with  its  flattest 
side  next  the  object;  this  form  nearly  resembles  Ilcrschell'g 
aplanatic  doublet.  The  field-glass  also  is  a  double  convex  lens 
of  the  fonn  of  least  aberration.  With  this  eye-piece  he  was 
enabled  to  obtain  a  field  of  fourteen  inched  in  diameter 
(measured  at  the  usual  distance — ten  inches),  equally  distinct 
and  well  illuniimitcd  over  every  part,  and  admirably  adapted 
for  the  displny  of  sections  of  wood,  wings  of  insects,  and 
ohjecUi  of  a  similar  description,  and  also  for  opaque  objects. 
When  employing  it  for  these  purposes,  he  prefers  using  a 
single  lens  as  an  object-glass  iosteiul  of  on  achromatic  one,  as 
the  latter  arc  adjuslcd  for  a  much  smaller  field  of  view,  and 
proiiuce  nil  image  which  is  distinct  only  in  the  centre." 

The  power  of  the  microscope  may  bo  greatly  increased,  not 
only  by  using  different  cyc-pieces  and  objcct-glaswes,  but  also 
by  increasing  tlie  distance  between  them  by  tlie  draw-tube, 
described  in  page  69.  For  instance,  suppose  that  the  one 
inch  object-gluss  and  tlie  lowest  eyc-pit-'Ce  are  employed,  and 
that  without  the  draw-tube  tlie  magnifying  power  was  thirty- 
6vc,  and  with  the  second  eye-piece  forty-five,  and  with  the 
third  eighty-five,  by  the  draw-tulxi  these  powers  may  not 
only  be  made  even  numbers,  as  forty,  fiily,  and  ninety,  but  all 
intermediate  numbers,  if  required,  may  be  obtxuned  without 
clumging  either  the  eye-piece  or  tlie  object-glass.  Besides 
this,  it  is  often  required  to  make  a  particular  object  fill  the 
whole  or  nearly  the  whole  of  Uic  field  of  view  ;  this  is  readily 
done  by  employing  the  eye-piece  and  object-gl.oss  that  most 
nearly  effect  it,  and  then  accomplishing  the  remainder  by 
drawing  out  the  tube.  In  the  use  of  the  micrometer  eye- 
piece, the  draw-tube  will  also  be  found  of  essential  service  to 
make  the  divisions  come  out  whole  numbers,  a  point  that  will 
again  be  more  particukrly  dwelt  on. 

*  Art.  "  Micrflscopc,"  Cgetopadia  o/AnalQmjf  and  Pk^notogy,  p.  342. 
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CHAPTER  L 

PUELIMINARY  DIRECTIONS. 

All  the  moet  complete  forma,  botli  of  Hunple  and  compound 
microscopes,  constructed  by  our  principal  makers*  together 
witli  the  optical  and  otlicr  apparatus  supplied  with  llicm, 
having  now  been  fully  deacribcd  in  the  first  part  of  the  work, 
it  bucomcA  necessary  to  enter  in  detail  into  the  djffcrcut  modes 
of  using  the  eame ;  and  as  the  compound  instrument  is  of 
more  genend  im(x>rtancc  and  more  difficult  to  use  than  ttie 
ample  form,  it  must  first  claim  our  attention.  For  tlie 
better  understanding  of  the  different  stepa  in  the  proceeding, 
it  has  been  deemed  advisable,  however,  to  describe  tliem  under 
eeparnte  heads. 

Position. — If  day-light  is  to  be  employed  as  the  illuminating 
agent,  the  spot  seleoted  for  planting  the  microscope  on  should 
be  in  all  casea  a  firm  steady  tabic,  near  a  window  that  is  not 
at  the  time  exposed  to  the  direct  rays  of  the  sun ;  a  white 
cloud  inunediately  opposite  to  the  sun  is  the  point  from  wliidi 
the  moat  intense  light  is  given  oflf,  and  a  blue  sky  in  the  same 
ntuation,  or  a  dark  cloud,  is  that  from  which  the  fewest  rays 
proceed.  If  the  instrument  is  to  be  used  at  night,  it  matters 
not  where  the  table  is  placed,  but  the  choice  of  an  illuminator 
then  becomes  necessary ;  this  most  commonly  is  an  Argand 
oil  lamp,  but  a  wax  light  or  that  of  gas  or  camphinc  may 
«iipp1y  its  pUca  The  microscope  ha\ing  the  mirror  and  the 
rest  of  the  optical  part  free  from  dust,  being  placed  upon  the 
table,  and  an  eye-piece  having  been  slid  into  one  cod  of  tlie 
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compound  body,  and  an  object-glaaB  screwed  into  tlie  other, 
should  now  for  most  purposes  be  inclined  to  such  an  angle  aa 
will  bring  the  top  of  the  eye-piece  opposite  the  eye  of  the  ol^  ■ 
server  when  sitting  in  the  most  easy  posture.     The  next  et£pj 
is  the  atljiwtineut  of  the  light. 

Adjustment  of  the  LifffU. — If  it  be  required  to  examine  * 
ti-an»[Hirent  object  by  d»y,  tlic  light  muut  he  taken  from  a 
window  a«  free  from  bars  ne  possible;  bat  if  at  night,  then 
one  of  tlic  illuminator,  previously  described,  must  be  brought 
within  a  moderate  distance  of  the  mirror;  this  laat  is  to 
be  turned  about,  until  the  light  reflected  from  its  surface  is 
seen  to  pass  through  the  hole  in  the  stage,  and  to  fall  in  the 
tlirection  of  the  axis  of  tlic  instrument  upon  the  end  of  the 
ohject-glasB ;  then,  by  applying  the  eye  to  the  eye-piece,  and 
moNTDg  the  mirror  very  slightly  one  way  or  the  other,  the 
maximum  of  light  will  be  obtained.  If  the  object  to  be  exa- 
mined be  opaque,  and  if  the  Lieberkuhn,  fig.  77,  is  to  be  em- 
ployed, the  lamp  may  be  placed  in  the  same  position  as  for  a 
transparent  object,  but  il"  required  to  be  illuminated  by  either 
of  the  condensing  lonses  represented  at  page  122,  then  the 
lamp  must  be  brought  nearer  to  the  obsen'er,  and  the  light 
thrown  upon  the  object  by  the  condenser,  in  the  manner  pre- 
sently to  Iw  shown  by  diagrams.  As  a  general  rule,  it  is  be^ 
to  use  the  low  powers  first,  as  a  good  light  and  greater  clear- 
ueas  of  dcUnitiun,  together  with  a  large  field  of  %'iew,  will  be 
obtained ;  the  higlier  powere  may  be  employed  when  the 
observer  has  a  good  general  idea  of  tlie  arrangement  of  the 
several  parts. 

Tramptirent  Objects, — These,  previous  to  being  examined, 
arc  to  be  phiccd  either  with  or  without  water  upon  a  slip  of 
glass,  and  covered  with  a  piece  of  thin  gla*«  or  mica,  or,  if  re- 
quired, cither  of  the  aninialcTilc  cages  or  compressors.,  descrilx-d 
at  pAge  130,  may  be  employed  for  the  same  purpose.  Between 
which  ever  of  these  pieces  of  npparattis  the  object  is  con- 
tnined,  the  next  proceeding  is  to  place  it  upon  the  object-plate 
of  the  stage,  and  adjust  the  latter  (either  by  sliding  it  up  or 
down,  or  by  acting  on  it  by  the  stage  movements),  so  that  the 
object,  if  visible  to  ihc  naked  cje,  may  be  brought  as  near  to 
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the  axis  of  the  abjcct-gloae  ae  possible.     \Vc  now  come  to  tho 
adjuBtniont  ot'  the  focua. 

AdJustmaU  of  the  Fucus. — If  the  focal  diataiicc  of  the  object- 
gloaa  be  known*  then,  without  lookini^  ttirtiugh  the  compounii 
body»  it  may  be  brought  down  within  the  focus,  by  turning 
the  large  milled  head  of  the  coarac  adjustment,  and  the  cyo 
being  a|iplicd  to  the  eye-piece,  tlie  proper  focus  may  be  ob- 
tained, by  carefully  turning  the  milled  head  backwiirdi),  until 
either  the  object  or  eomc  of  tlie  extraneous  bodies  generally 
found  upon  the  glass  or  in  the  fluid  come  iuto  view.     If  the 
power  employed  be  a  high  one,  it  is  always  best  to  bring  tlie 
object-glft«a  as  near  as  possible  to  the  focus  with  the  coarse 
adjustment,  and  to  uw  the  fine  aflcrwards,  when  tlic  eye  is 
applied  to  the  eye-piece.     If  the  object  be  not  in  the  field  of 
view,  tlicn  tlio  glasti  or  other  apjiaratua  on  which  the  object  ts 
placed  is  to  be  moved  about  by  tlie  stage  adjustments  until  it 
a[t{>cars  tlicre,  or,  in  tlie  absence  of  stage  movements,  the 
fingers  themselves  can  be  employed.     When  the  object  is  of 
any  thickness,  it  will  bo  readily  found  that,  by  the  uiie  of  the 
fine  adjustment,  any  part,  whether  of  the  upper  or  of  the 
under  surfiice,  may  be  brought  into  focus ;  and  if  it  should  be 
tran^iarent  and  cylindrical,  like  some  of  the  vosculur  tissues 
of  i^ants,  the  markings  on  the  vessels  may  bo  traced  all  round 
the  cylinder.     In  the  instruments  of  Messrs.  Smith  and  Beck, 
one  revolution  of  the  milled  head  will  cither  raise  or  depress 
the  objcct-gkss  about  the  i^^  of  an  inch,  and  being  graduated 
into  ten  divisions,  the  value  of  one  di\'ision  will  be  the  -jj^^ 
of  an  inch,  so  that  tliu  tliickncss  uf  any  object  can  be  very 
well  ascertained  to  this  minute  quantity ;  a  plan  of  measuring 
that  was  first  adopted  by  Mr.  Valentine  in  the  microscope, 
described  at  page  61,     By  this  contrivance,  also,  certain  pita 
or  depressions  in  any  object  can  be  accurately  measured,  by 
bringing  first  the  upi>er  or  plane  surface  into  focus,  and  tlicn 
noting  how  many  revolutions  or  ]iart6  of  a  revolution  are  gone 
tlirough  before  the  bottom   surface  is  equally  well  defined. 
The  graduation  of  the  milled  head  will  also  be  fouud  of  great 
eervico  for  properly  :uljusting  tlie  front  lens  of  the  higher 
{>Owcx  objcct-ghisues,  as  the  tliickncssi  of  the  tliin  gloss  cover 
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can  be  Accurately  measured,  and  Uic  objoctrgUea  corrected  by 
certain  rules  presently  to  be  laid  down.  When  any  object 
has  been  umlcr  examination,  and  it  \\aa  become  ncccesary 
either  to  remove  it  from  the  stage  for  some  alteration,  or  ta< 
suhfltitutc  another  in  ite  stead,  it  will  be  found  the  best  (4an, 
if  the  objcct-gIa«  be  of  short  focus,  to  turn  it  back  from  tlie 
object  before  removing  it ;  by  this  meana  all  contact  between 
it  and  the  object  will  be  prevented,  and  the  risk  of  injury 
avoided.  After  a  few  trials  tlic  custom  of  turning  bock  the 
objcct-glniu  by  the  coarse  adjustment  will  become  habitual. 

Various  re-agenta,  such  aa  the  acids  or  alkalies,  may  be 
applied  to  objects  when  they  arc  being  viewed,  by  touch- 
ing tiic  edges  of  the  glass  cover  with  a  small  glass  rod  or  tube 
that  lias  been  dipped  into  the  required  fluid.  A  small  quan- 
tity will  gradually  insinuate  itself  between  the  glosses,  and  its 
effects  can  be  easily  watched.  TVlien  a  lat^e  quantity  of  a 
corroflive  fluid  is  required,  or  if  tlie  object  in  fluid  be  not 
firmly  secured  between  the  two  glasses,  it  ia  ailvisable  to 
place  the  microscope  upright,  that  the  danger  of  losing  the 
object,  or  of  ha\'ing  the  fluid  escape  about  the  stage,  may  bo 
avoided.  The  glasses  between  which  objects  are  placed 
should  be  perfectly  free  from  grease;  if  not  so,  when  the  water 
or  other  fluid  is  wlded,  it  will  not  run  equally  between  them, 
and  large  air  bubbles  will  be  formed,  all  of  which  should  bo 
got  rid  of,  especially  if  they  are  in  the  neighbourhood  of  the 
object,  as  they  act  like  so  many  leuses,  and  occasion  a  disturb- 
ance in  the  mys  of  light  that  are  passing  either  tlirough  or 
about  tliem. 

Small  living  insects  may  be  viewed  in  the  live  box  or  the 

animalcule  cages  by  transmitted   light,  and  those  that  are 

[lai^,  such  ns  flies,  may  even  be  held  in  the  forccpe,  and  the 

cirenl.ition  in  their  legs  readily  seen,  no  glass  being  placed 

bencall]  them. 

When  the  highest  powers  are  required,  the  light  of  day 
or  of  a  lamp  may  be  greatly  increased  by  the  use  of  the  achro- 
matic condense^  described  at  poge  113.  In  order  to  get  the 
most  light,  the  lamp  should  be  brought  as  near  the  instrument 
AS  possible,  and  the  achromatic  condenser  so  adjusted  that 
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the  image  of  the  fliuuc  may  be  aeea  co-inddeut  with  the 
object 

Opaque  O^eeti, — Tlieee  arc  illuminated  cither  by  the  bullV 
eye  condeofflng  lens,  the  Licbcrkuhn,  or  the  eidc  reflector,  and 
the  object-gIa&§ea  employe<l  cannot  exceed  the  one-fourth  of 
an  inch,  as  no  higher  magnifier  ie  pro\-ided  with  a  Licberkuhn, 
ami  the  light  from  the  eumlenaing  lens  or  side  reflector  cannot 
well  be  thrown  upon  any  opaque  object  having  the  object^lass 
nejirly  appruaching  it.  Opaque  objects  are  generally  mounted, 
either  on  elipe  of  glass  or  on  discs  of  card  or  other  material, 
having  a  pin  passed  through  them ;  these  require  to  be  held 
in  the  forceps,  described  at  page  129;  and  if  the  Ltcberkului 
be  employed,  the  diaphragm  plate  under  the  Htage  must  be 
removed,  and  the  light  thrown  upon  the  Lieberkuhn  by  the 
concave  mirror  in  the  same  manner  ad  was  described  for  a 
transparent  object,  the  lamp  or  other  illuminating  agent  being 
placed  either  in  front  or  on  one  side  of  tlie  mirror.  If  the 
microeoopc  be  inclined,  and  it  be  required  to  illuminate  an 
opaque  object  by  the  condensing  lens,  the  lamp  must  then  bo 
brought  near  to  the  eye  of  the  observer,  and  tlic  condenser 
placed  between  it  and  the  object ;  the  distance  between  the 
lamp  and  the  condenser  l>ping  in  all  cases  greater  than  that 
between  the  condenser  and  the  object,  otherwise  the  rays  of 
light  will  not  be  made  to  convei^  upon  the  object.  If  the 
disc  or  glass  on  which  the  object  is  mounted,  or  the  object 
itself,  be  not  large  enough  to  cut  off  the  light  from  entering 
the  object-glaee,  then  a  dark  stop  or  well,  represented  by  fig. 
79,  must  be  employed  to  form  a  back  ground. 
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CHAPTER  11 


ON  THE  ILLrSUNATlON  OF  OBJECTa 


All  the  objects  required  to  be  examined  by  the  microscope 
belong  to  une  of  two  clasBCS,  cither  the  trautt|tarciit  or  the 
opaque.  The  methods  of  illumination  differ  for  each  clasa:  in 
tlic  I'onuer  the  light  ia  gcucrally  reflected  u]>on  them  by  means 
of  a  plane  or  convex  mirror,  whilat  in  tlie  hitter  it  is  cither 
condensed  upon  them  by  a  Icna  or  else  by  some  modification 
of  the  silvered  cup,  termed,  from  its  inventor,  the  Lleberkuhn. 
Aa  the  (wrfect  iUiuuiimtiou  of  objecU  its  of  the  utmost  import- 
auce>  nay,  almoet  aa  essential  as  a  good  glass  to  examine  them 
witb,  we  will  enter  somewhat  in  detail  into  the  various  plans 
to  be  adopted,  in  order  tliat  all  the  characters  of  tlie  eubjcct 
unde-T  investigation  uiuy  be  brought  out  and  rendered  [Kr- 
fcctly  distinct.  In  oixler  lo  effect  this,  it  is  requisite  that  it 
bo  viewed  alternately  under  every  description  of  light, 
whether  strong  or  faint,  oblique  or  direct ;  or  whether  the 
light  be  rcBcctcd  through  it  from  a  mirror,  as  in  the  case  of  a 
transparent  object,  or  be  condensed  upon  it  by  a  lens  a« 
for  an  opaque ;  in  short,  every  new  subject  should  be 
viewed  under  all  the  various  conditions  subsequently  to  be 
enumerated. 

Trajuqiarent  Ohjecis. — WTien  a  great  amount  of  light  is 
required,  the  plan  generally  adopted  is  to  use  the  concave 
mirror,  which  should  be  so  contrived  as  to  slide  up  and  down 
upon  a  stem,  so  that  it  may  be  brought  near  the  stage  or  be 
slid  away  fi-om  it,  and,  by^  means  of  a  imiversal  joint,  be  made 
callable  of  being  turned  in  every  direction  ;  when  rays  of 
light  from  a  lamp  or  candle  placed  beyond  its  principal  focu^ 
fall  upon  A  concave  mirror,  they  arc  rendered  convei^nt,  and 
the  distance  of  the  mirror  from  tlie  stage  should,  therefore,  be 
so  regulated  tliat,  if  required,  the  whole  of  the  light  reflected 
fi-om  the  mirror  may  be  brought  to  a  focus  upon  the  object, 
or  if  a  weaker  light  be  necessary,  then  by  sliding  the  mirror 
cither  nearer  the  stage  or  farther  away  from  it,  tJic  desired. 
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light  will  be  obtained,  in  bolh  these  latter  caflca  there  will  be 
a  Inrger  field  of  view  illuminated,  but  with  a  great  diminution 
of  ltd  brightnc^ ;  hence  the  use  of  the  minxir  being  nude  to 
slide.  For  all  objects  of  large  size,  such  as  sections  of  wood> 
IQOaeee,  the  wings  of  insects,  &c.,  where  low  powers  oaljr  arc 
required,  the  illumination  may  be  cfl'ected  hy  the  concave 
mirror,  which,  for  the  puri)06e,  should  not  be  less  than  two 
inches  iu  diameter.  Xuthiug  is  more  8lm{>Ie  tliau  to  illu- 
minate a  large  object  under  a  low  power,  but  difficulties  wtU 
be  found  when  high  jiowera  arc  used ;  and  it  is  important  that 
all  the  light  possible  ehoulcl  be  made  available  for  the  purpose; 
it  bccouiL's  neeei«tuiry,  therefore,  lo  have  recourse  to  the  other 
optical  contrivances  presently  to  be  described. 

To  cut  ofi*  all  superfluous  light,  an  up^ramtus  termed  tlie 
diaphragm,  deacribcd  at  page  111,  fig.  56,  is  generally  fitted 
to  the  under  side  of  the  stage ;  it  is  supplied  with  a  moveable 
plate,  in  which  there  are  three  or  more  holes  of  dificrcnt 
sizes;  each  of  these  in  Hucceasion  may  be  brought  between 
the  mirror  and  the  object,  and  it  will  be  found  advisable  to 
try  by  which  of  tlic  a]>erturcs  tlie  beet  definition  is  effected. 

Some  persons  recommend  the  interposition  of  a  plate  of 
ground-glass  between  the  mirror  and  the  object,  to  diffuse  the 
light  cf^ually  over  the  field,  and  to  destroy  all  the  glare  occa- 
sioned by  the  reflection  of  a  large  body  of  light ;  but  tliis  is 
only  applicable  to  objects  of  large  size,  where  low  powers  are 
used.  \VTien  applied  to  the  higher  powers,  and  to  objects 
which  require  to  be  well  defined,  the  field  of  view  is  then 
rendered  so  misty,  that  all  sharpness  of  outline  is  destroyed. 
In  tltis  case  a  great  improvement  is  cfiected  if  the  ground 
surface  of  tlie  glass  be  mode  greasy,  which  allows  more  light 
to  bo  tmnamitted.  Another  way  of  softening  the  glare  is  to 
supply  the  place  of  the  ground-glass  witii  gloss  of  a  neutral 
or  blue  colour ;  this  is  reconmiended  to  destroy  the  reddish- 
yellow  colour  given  off  from  all  lamps  or  candles,  and  to  make 
the  artificiHl  tight  as  pleasant  to  use  as  that  of  the  natund  or 
daylight;  but  none  of  Uiese  appliances  should  be  used  with 
liigh  power>s  or  where  accurate  definition  is  neceeaani',  as  in 
the  cttsc  of  test  objects. 
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The  plane  mirror,  with  some  form  of  coDdenaing  apparatus, 
k  required  with  all  powers  above  that  of  a  hundred  linear, 
when  it  is  wished  to  examine  very  delicate  objects  by  arti- 
ficial light ;  for  this  purpose  the  form  of  condeiuter  first' 
recommended  hy  Dr.  AVoUaaton  for  hia  doublet  microscoped, 
and  described  in  pages  30  and  112,  will  be  found  useful; 
H  conaets  of  a  tube,  in  wluch  a  plano-convex  lens,  of  three- 
qujirters  of  an  inch  ibeus,  is  made  to  slide  up  and  down 
within  certain  limitd.  Tliis  tube  is  fitted  to  the  under  part  of 
the  stage,  and  at  its  lower  end  ia  pro\-ided  with  a  plate  of 
metal,  perforated  with  a  hole  of  a  requisite  mze,  termed  a 
«top ;  the  rays  of  light  reflected  from  the  mirror,  if  token 
from  a  white  cloud,  being  parallel,  will  be  thrown  upon  the 
lens  08  such,  and  by  it  be  brought  into  a  focus  upon  the 
object ;  this  is  effected  by  eliding  the  lena  either  up  or  down. 
Most  objects  are  best  seen  when  the  image  of  the  aperture 
or  stop  ia  also  best  seen. 

Dr.  Goring  effected  an  improvement  on  Dr.  "Wollaston'a 
condenaer,  by  putting  the  stop  above  tlie  lens,  so  aa  to  cut  off 
all  superfluouB  rays  of  light;  but  if  the  original  tube  be  pre- 
eeiTcd,  the  stop  above  the  mirror  may  still  be  used,  the  one 
immediately  above  the  lena  being  in  no  way  interfered  with 
by  it.  Mr.  Varley  has  recommended*  a  very  excellent  plan 
for  imitating  artificially  the  light  reflected  from  a  white  cloud 
opposite  the  sun ;  this  is  by  covering  the  surface  of  the  mirror 
under  the  stage  with  the  effloresced  carbonate  of  soda  or  some 
other  white  material.  On  the  surface  of  this  the  Ught  of  the 
sun  is  to  be  concentrated  by  means  of  a  large  condensing  lens. 
The  light  so  reflected  is  very  intense,  and  forms  an  excellent 
substitute  for  the  white  cloud,  which,  as  Mr.  Ross  atatC8,t 
when  opposite  the  sun,  and  of  considerable  size,  is  the  best 
daylight,  as  the  pure  blue  sky,  in  the  same  situation,  is  the 
worst 

Mr.  Handford  has  lately  described  a  very  excellent  substi- 
tute for  the  plaster  of  Paris  mirror.     lie  employs  a  concavo 


*  VoL  xltz.,  page  32S|  of  Trmtsartions  o/(ke  Societj/  of  Artt. 
t  Pmiijf  Cj/do/Hidia,  Art-t  AUcrMcojx-. 
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plate  of  ghaa,  like  tliat  of  the  ordinary  mirror,  but,  instead  of 
tlie  eilvcrmg,  he  coats  the  back  with  white  zinc  painL  Thb 
mirror  is  set  in  a  frame>  and  when  required  can  bo  placed 
over  tlic  silvered  one ;  ite  efiect  on  certain  objccta,  such  as 
sections  of  bone  and  teeth,  is  very  etrikii^. 

Sir  David  Brewster,  to  whom  we  arc  indebted  for  so  many 
valuable  mi^estions  and  discoveries  in  optical  ecience,  states* 
that,  for  perfect  definition,  the  focus  of  the  illuminating  leus 
for  transparent  objects  should  fall  exactly  upon  the  object,  so 
that  there  shall  not  be  two  acta  of  rays  at  dillcrcnt  angles, 
one  proceeding  from  the  luminous  body,  and  the  other  from 
the  object  to  be  magnified ;  and  adda, — ''  Tliat  the  iUununating 
lens  should  be  perfectly  free  from  chromatic  and  spherical 
aberration,  and  that  tlic  greatest  care  should  be  taken  to  ex- 
clude all  extraneous  light,  both  from  the  object  and  from  the 
eye  of  the  observer."  All  tliie  implies  that  the  condenser 
employed  should  be  in  itself  aclirnmatic,  for  an  ordinary  lens 
acting  more  or  less  as  a  pristu  to  decompose  the  light,  it 
fullows  tliat  in  most  cases  we  shall  have  the  object  illuminated 
wiili  the  prismatic  cntoiir»,  which  would  injure  the  shorpnes:^ 
of  outline.  Hence  the  necessity  of  employing  a  doublet  or 
some  kind  of  achrunmtic  lens  for  a  condenser. 

Achromatic  Condenser  or  Eclatrage, — This  instrument,  the 
invention  of  M  Uujordin,  an  eminent  French  microscopist, 
has  been  previously  alluded  to ;  the  different  fonns  of  it,  sup- 
plied with  our  best  mienwcopes,  are  represented  by  figs.  58, 
59, 60,  and  although  <liffering  slightly  in  certain  points  of  their 
construction,  they  all,  nevcrtlieless,  arc  capable  of  being  so 
adjusted  for  use,  that  the  axes  of  the  illuminating  lens  and 
object-glaas  may  accurately  coincide  with  each  other.  TlkC 
means  provided  for  effecting  these  adjustments  arc  represented 
by  the  figures;  but,  in  order  to  facilitate  their  use,  Mr.  Koss 
has  drawn  up  a  series  of  directions,  which,  being  applicjible  to 
other  microsco[K:a  as  well  as  his  own,  I  here  quote  in  full: — 

"  When  employing  this  opparatus,  the  general  practice  is 
to  insert  in  it,  aa  an  illuminating  lens,  the  ubject-ghisd  next 
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lowest  in  power  to  that  which  is  intended  to  be  attached  to 
the  microscope;  so  that  when  the  onc-^ighUi  \a  used  on  the 
mirroaoopc,  the  one-fourth  is  Pcrewc<l  into  the  illuminating 
apparatus,  and  bo,  in  like  luonner,  with  the  rejit.  But  when 
economy  is  not  regardoil,  a  ^rstem  of  three  achromatic  com- 
binations is  supplied,  adapted  for  the  illuminntinn  of  the 
whole  range  of  the  powers  of  the  microecoi)e,  the  whole 
system  being  employed  for  the  highest  powers,  two  of  sxieii 
combinations  with  the  middle  powers,  and  the  largest  combi- 
nation by  itself,  for  the  lowest  powers.  This  illumination  ia 
not  required  for  objects  when  viewed  witli  object-glasses 
transmitting  small  pencils  of  rays,  or  whose  angular  aperture 
is  less  than  thirty  degrees — that  is,  where  the  ohjoct-glaas  is 
of  greater  focal  length  than  half  an  inch. 

"  The  apparatus  ia  fixed  to  tlie  under  side  of  the  stage  of  the 
microscope,  in  the  place  of  tlie  diaphragm  plate ;  and  before 
fixing,  the  proper  object-glass,  as  an  illuminating  lens,  must 
be  screwed  on  to  it.  Place  the  chJQct  to  be  viewed  upon  the 
stage  of  the  microscope,  and  when  the  instrument  is  not 
directed  at  once  (as  after  noticed)  to  the  source  of  light,  such 
as  the  flame  of  a  lamp  or  a  white  cloud,  arrange  the  reflector 
(having  the  plane  mirror  upwards)  so  as  to  throw  the  light  up 
the  tube  of  the  apparatus ;  which  may  be  ascert-iineil  by 
turning  aside  the  microscope  tube,  and  obscn'ing  when  tiie 
spot  of  light  appears  on  tbc  object  placed  on  the  stage.  The 
microecoiK;  tube  ia  then  to  be  replaced,  as  nearly  over  the 
spot  of  light  as  possible,  and  vision  of  the  object  obtmne<]f 
disregarding  the  precise  '/italiti/  of  the  ligliL 

"  The  two  following  important  mljustments  must  next  b© 
effected : — first,  moke  the  image  of  the  source  of  light  (oa 
flame  of  lamp  or  light  cloud)  distinctly  seen  at  the  same  time 
that  the  object  on  the  stage  is  seen ;  and,  secondly,  make 
the  axis  of  the  tube  of  the  illuminating  apparatus  coincide 
witli  that  of  tlie  tube  of  the  microscope.  The  fine  adjustment 
is  occoraplislied  by  turning  the  milled-hcad  screw  on  the  side 
of  the  tube  of  the  apparatus,  imtil  tJie  brightest  illumination 
is  seen  through  the  microscope;  tlien  move  tlie  microscope 
tube  from  its  central  [)Ositinn  sideways  across  the  spot  of 
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light  and  book  again,  to  ascertain  if  the  spot  of  Hght  passes 
ftoroes  the  centre  of  the  field  of  vision;  if  not,  it  may  be 
connected  by  turning  the  milleil-head  screw  of  the  illuminating 
spparatus  which  presses  against  the  front  edge  of  the  stage, 
and  when,  by  adjustment,  it  is  found  that  the  spot  of  light 
jHisscs  centniUy  across  the  field,  tlien,  having  atljuated  Uie 
microscope  tube  so  as  to  bring  the  spot  of  light  to  the  centre 
of  the  field  of  vision,  screw  the  microscope  tube  fast  in  its 
place.  To  effect  the  second  adjustment  mentioned  above,  the 
mirror  must  bo  moved  about  until  an  image,  more  or  less 
distinct,  of  some  adjacent  object — such  as  a  window-bar  or 
chimney-pot— crosses  the  field  of  the  microscojw ;  the  moat 
distinct  \'ision  of  this  object  is  then  to  be  obtained  by  turning 
the  mUle*l-head  screw  on  the  side  of  the  illuminating  appa* 
ratus,  the  microscope  tubo  remaining  stationary  with  the  object 
in  its  focna.  When  these  general  adjustments  are  noc<«n- 
pltshed,  the  whole  may  require  correction,  which  must  be 
effected  by  a  repetition  of  the  process.  The  mirror  may  then 
be  turned  up  to  the  sky,  that  being  the  source  of  light,  and 
its  best  state  for  illuminating  microscopic  objects  is  by  means 
of  white  clouds  opposite  the  sun.  The  utmost  perfection  of 
vision  is  generally  obtained  by  this  adjustment  for  dny-Hght 
illumination  upon  delicate  objects ;  but  by  lamp-light  these 
objects  are  sometimes  seen  best  by  placing  the  achromatic 
illuminating  lens  a  little  nearer  the  object  than  the  distance 
which  pro<!Hrc8  a  distinct  image  of  tlie  source  of  light,  at  the 
same  timo  tliat  tlic  object  is  in  focua.  Objects  having  some 
little  thickness  arc  best  seen  when  the  lens  is  a  little  farther 
off  than  tlie  distance  just  mentioned.  This  last  position  of 
the  illuminating  lens  diffuses  the  light  more  equally  over  the 
field. 

"  When  lamp-light  is  used,  an  object-glass  of  lower  power 
than  that  which  it  ts  intended  to  employ  for  observation, 
slionld  be  applied  to  the  microscope  tube,  and  the  adjustment 
performed  as  before  directed.  Attention  must  be  paid  to  this 
■dditional  circumstance,  namely^  that  the  image  of  the  lamp 
be  placed  in  the  middle  of  the  illuminated  disc  of  light,  by 
means  of  tlie  mirror:  the  mirror  and  lamp  are  then  to  remain 
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stationary.  But  if  the  mirror  ahouM  not  be  employed,  and 
the  light  obtained  direct  from  the  lamp,  then,  in  order  to 
throw  the  image  of  the  lamp  in  the  middle  of  the  illuminntcd 
disc,  the  adjustment  must  be  made  by  a  lateral  movement 
of  the  whole  microscope,  and  by  varying  its  inclination ;  the 
image  being  thus  found,  tlic  lamp  imd  microt<cope  mu^t  remain 
stationary.  The  object-glass  xiscd  in  thia  preliminary  adjust- 
ment is  to  be  removed,  and  the  objcct-glasa  to  be  employed 
for  observation  is  then  to  be  screwed  on  to  the  microacopa 
tube  in  its  place,  and  the  object  brought  into  focus,  which 
will  also  biing  the  image  of  the  flame  of  the  lamp  distinct ; 
but  the  distinctness,  as  also  tlic  ccntricity  of  the  image  of  the 
ilamc,  may  have  been  in  a  degree  deranged  by  slight  difler- 
enccs  in  the  screws  of  the  object-glass  and  other  minute 
carciunstancea.  This  deviation  is  to  be  rcctifietl  by  mo^nng  the 
microscope  tube  sideways  and  back  again  across  the  inmgc  of  the 
flame,  and,  if  adjustment  bo  necessary,  by  turning  the  milled- 
head  screw  which  presses  against  the  front  edge  of  the  stage, 
as  before  described,  while  the  mirror  and  lamp  rcmiun  sta- 
tionary. Slight  obliquity  of  the  illumination  subdues  the 
glare  attendant  upon  perfectly  central  and  full  illumiuatiou  by 
lamp-light ;  and  this  obliquity  may  he  obtained  by  Hlightly 
altering  the  position  of  the  mirror ;  or  if  the  mirror  is  not 
employed,  but  light  is  obtained  by  pointing  the  microecopo 
tube  directly  to  the  lamp,  then  the  obliquity  required  may  bo 
obtained  by  a  small  variation  uf  the  iucUnatlun  ul'  the  micro- 
scope." 

If  a  stop  with  a  small  aperture  be  placed  temporarily  in  the 
lower  end  of  the  condenser,  bo  as  to  render  the  spot  of  light 
smaller  than  the  field  of  the  eye-piece,  it  will  not  be  necessary 
to  put  on  a  low  power  object-glass  to  make  the  adjust- 
xuenta. 

Some  achromatic  condensers  are  provided  with  a  prism  of 
the  form  represented  by  fig.  63,  as  a  substitute  for  the  plane 
mirror.  W.  Dujarrlin  employed  it  with  his  condenser,  and  the 
firet  of  these  instruments  brought  to  thiacotmtry  wasflupplicd 
with  one.  The  method  of  using  it  differs  so  little  from  tliat 
of  the  ordinary  mirror,  that  no  especial  directions  need  be  given. 
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The  prUm  certainly  hns  eomc  lulvautages  over  a  mirror  ia 
bringiug  out  minute  markings,  antl  also  in  reflecting  more 
Ught 

Mr,  Varley'e  dark  cliamber  has  been  already  described  at 
page  112:  it  IB  very  useful  where  on  acliroiuatic  condenser  is 
not  applied,  as  the  li-jht,  ha\Hng  no  lens  to  piuw  through, 
ia  out  dccompneeil ;  in  this  consititii  its  value.  The  nietliod  of 
using  it  being  siiailur  to  that  of  the  achromatic  or  Wol- 
lastonV  condcnsei',  a  separate  <ie8criptiou  i»  not  required  in 
thi?  jilncc. 

Direct  hight. — Many  very  delicate  ohjecta  may  be  eeen  to 

I  the  greatest  advantage  by  wlmt  i«  termed  direct  light,  which 

18  obtained   readily  by  the   removal  of  the  mirror,  and  by 

placing  a  lan»p  or  candle  behind  tlie  Btnge  in  its  stead:  for  this 

purpo^K!  it  will  be  aeiieswiry  to  incline  (he  cucro.icoj>c,  so  that 

the  rays  may  pass  through  the  stage,  and  in  oi-der  that  the 

posture  in  which  tlie  ol>ser\'er  uni£t  be  placed  be  not  rcn- 

>red  fatiguing,  it  is  the  best  plan  at  firet  so  to  raise  tJio 

!  instrument  from  the  table,  that  the  ey€^-pi(^ce  may  be  on  a 

[level  with  the  eye.     In  the  <iay  time,  the  light  takeu  directly 

I  from  a  white  cloud  opposite  the  sun  will  serve  to  bring  out 

[tome  objects  very  beautifully,  but  it  is  impoeeiblc  to  gi*'e 

li«t  of  tlioAe  that  are  best  ^hown  by  direct  light,  thijt  con 

only  be  known  after  very  extensive  practice,  as  the  cflTects 

/will  vary  witli  each  different  magnifying  power. 


Fig.  las. 

Fig.  122  represents  the  metliod  of  illuminating  by  direct 
Ught.       a   is   the  compound   b(«ly,   placeil   in   a   horiz4mlal 
13 
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position,  having  the  stflge  h  nt  right  angles  to  it;  (he  niiiror 
m  ia  turned  ou  one  side*  so  that  the  di^'er^ring  rays  r  r' 
emanating  tVom  tJic  lamp  /,  may  |>ftse  throwgh  the  hole  in  the 
stage  in  nearly  Htniight  liiK'tt;  the  tmme  j)oii)ition  of  the  liisLru- 
ment  will  sometimes  answer  for  daylight,  but  it  will  be  gene- 
rally (bund  that,  to  get  the  briglitet^t  light,  tlic  compound 
body  must  be  liiore  clepresscd.  If  the  lamp  employed  as  tlie 
illmuiuator  ran  be  slid  down  »o  far,  that  the  end  of  the  burner 
licftrly  touelies  the  table,  or  if  a  short  piece  of  wax  candle  lie 
Utied,  the  (!om{)Ound  body  may  be  inclined  at  an  angle  the 
moet  easy  for  tbc  obsen'er  to  work  at ;  the  inelination  in  all 
casea  must,  of  course,  depend  npnn  the  height  of  the  illumin- 
ating body  from  the  table  on  wluch  tbc  mieroseope  is  placed. 

Oblique  Liffht. — For  tlie  perfect  definition  of  tlie  maridngs 
of  certain  animalcules  of  the  genus  Nnvicula,  very  oblique 
light  must  be  employed,  wliich  may  bo  eficeled  by  placing  the 
microscope  in  the  inclined  position,  ami  taking  away  all  the 
apparatus  from  the  under  surface  of  the  ittagc,  such  as  the 
diaphragm-plate,  or  achromatic  conilenser,  and  by  turning  the 
mirror  so  far  on  one  side,  that  the  rays  of  light  may  be  thrown, 
as  it  were,  obliquely  across  the  object,  and  uot  [H-Tpendicularly 
through  it  When  the  mirror  cannot  bo  turned  very  far  away 
from  the  centre  of  the  stage,  the  dttJired  cfieel  may  be  ob- 
tained by  mo»mting  the  object  upon  something  that  will  raise 
it  some  distance  abuve  the  general  level  of  the  stage.  Mr. 
Anthony  employed  two  of  the  boxes  which  contain  tlie  object- 
glasses  for  tills  purpose. 

liacbgronnd  fllinnhtafioji.—The  attention  of  niioro«?npi9t«i 
was  firnt  ilniwn  to  a  methcKl  of  illuuiinatiun  by  the  llev.  .T. 
B.  Rcade,  in  the  year  1838,  who  cidled  it  hy  this  name.  The 
method  consists  in  illuminating  tlie  object  by  a  ver^'  powejiul 
light,  placetl  at  such  an  imglo  with  the  axis  of  the  microecoi>c 
tJiiat  none  of  the  rays  can  enter  it,  except  those  wliich  full 
directly  upon  the  object,  and  arc  so  f«r  bent  as  to  pacw  through 
it  into  tlie  compound  btMly.  For  the  better  understanding 
of  the  mode  of  effecting  this  llhimination,  fig.  123  has  been 
dmwn  to  give  a  geutr.il  idea  how  the  mieniacopc  and  the 
other  ap[Minilus  are  to  be  placed  for  the  purpose:     a  h 
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preecnU  the  rta{^  of  tlie  tni(-Tofloo|H!  iu  an  inclined  poehion ; 
c  a  coDdenaing  Ions  placed  below  ami  ou  one  side  oi'  Uio 
BtAgc ;  d  n  lamp  alao  jilaced  Ih-Iow  the  stage  and  at  some  dis- 
tance from  it ;  the  rays  of  light  r  rH  t^  emanating  trom  ttic  lamp. 


.^ 


-■<-*.. 


Fig.  123. 

are  thrown  obliquely  upon  the  object  r,  and  only  those  that 
are  refracted  by  the  y^hm,  or  by  the  object  under  examination, 
will  pam  throuj;li  tJie  compound  boily  to  the  eye:  some  objects, 
when  viewed  in  this  way,  will  nppcar  beautifully  illiuninated 
on  a  Held  of  view  that  is  nearly,  if  not  quite,  ilark.  Thia  is  a 
valuable  method  of  illumination  for  some  preparations,  but 
not  ff>r  othcn ;  hence,  in  all  newly  inveadgated  Ptructures.,  it 
should  be  employed  lo  sec  wbit  effect  it  produces  on  them. 
It  is  also  capable  of  being  accomplished  by  daylight  by  elevat- 
ing the  condenser  c  above  the  stage,  and  then  allowing  the 
ra3r8  from  a  white  cloud,  if  possible,  to  jhisb  through  it :  but 
the  effect  is  not  quite  so  striking  as  when  a  hunp  is  employed, 
unless  tiie  eyes  he  shielded  by  the  hood  or  bonnet,  described  at 
page  147,  from  ull  the  surrounding  light  These  different 
modes  of  illurainating  transparent  ohjects  will  be  again  alludtHi 
to  in  the  chapter  devoted  to  test  objects. 
13* 
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CHAPTER  ni. 


OPAQUE  OBJECTS. 


Opatpie  ohjeets  may  be  Uluiiiiuated  in,  at  least,  two  different 
ways;  either  by  light  thrown  upon  them  obliquely  by  a  con- 
densing lonR,  or  a  side  reflet-tor,  or  else  by  the  Bilverwl  cup  or 
Lieburkuhn;  in  the  latter  case,  the  rays  fall  upon  them  more 
or  less  perpendicularly.  In  the  first  method,  and  when  the 
object  is  hu-ge,  we  employ  simply  the  condensing  lens  or 
buUWye,  as  it  is  aometimeB  callal,  which  has  been  fiJly 
described  at  pages  122-3^1.  The  illuminating  body,  which 
may  l>c  either  a  candle  or  an  orgnnd  lamp,  should  Ik:  situated 
about  a  foot  or  eighteen  inchea  distant  from  the  stage  of  the 
mici-orieope,  and  the  condensing  lens,  with  its  convex  side 
towarda  the  lamp,  pkeed  so  near  the  stage,  that  all  the  light 
ffdling  on  it  may  be  brought  into  a  focus  upon  the  object.  By 
turning  the  ronves  eide  of  the  lens  towards  the  lamp,  as 
ehown  in  fig.  124,  in  which  A  B  represents  the  stage,  C  the 
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Fig.  124. 

glass  plate  supporting  the  ohjeirt  a,  U  E  the  condensing  Icni*, 
L  the  lamp,  and  rr'  rt'  diverging  rays  of  light  falling  u^wn 
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the  lend,  D  £ ;  these  rays,  aa  also  ihoiw  shown  by  G^.  1 1 1,  will 
be  brought  into  a  foeus,  F,  when  the  Icna  is  placed  aa  there 
represented ;  but  if  the  flat  side  occupy  the  same  position, 
then,  acconling  to  Bg.  112,  it  will  be  in  the  worst  possible 
condition,  as  its  spherical  aberration  will  be  the  grcutesL 
Fig.  125  represents  this  arrangcnitint,  the  uame  letters  being 
used  as  in  the  preoeding  figure.     Here  it  will  be  seen  tliat  the 


-^^L 


■s.. 


E 
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rays  nearest  the  margin  of  the  lens,  O  K,  will  be  brongfat  to 
a.  focus  upon  the  object,  a,  but  those  nearer  the  centre  will 
pasd  on  to  F,  so  tliat  a  will  be  only  iUuiuiiiated  to  about  one- 
half  the  extent  of  a  in  the  preceding  figure.  When,  however, 
it  is  required  to  procure  either  parallel  or  diverging  rays, 
•0  as  to  illuminate  a  large  surface,  such  as  the  mirror  or 
side  reflector,  the  lenn  mugt  then  be  placed  very  near  the 
iamp  with  its  flat  side  towards  the  Hgbt,  aa  shown  in  fig.  126, 
and,  according  to  the  distance  of  the  one  from  tJie  other, 
so  will  the  rays  cither  be  convergent,  divergent,  or  even 
parallel.  Should  it  be  required  to  illuminate  a  large  portion 
of  an  object  for  dissection,  or  for  otlier  purposes,  then  we  may 
have  recourse  tn  the  following  plan :  the  large  condenser 
must  be  placed  near  to  the  lamp,  so  that  diverging  rays  given 
off  from  it  may  be  so  converged  as  to  fill  the  cndre  cifclc  of 
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the  small  condenser,  before  deiarribed  at  page  1^13;  tliia,  gene- 
rally speaking,  ia  p.  doublo  convex  Icus  of  two  or  tlirce  iochca 


Fig.  126. 

focus,  either  supported  on  a  separate  foot,  or  eUe  attached 
to  some  immovable  [>ftrt  of  the  t)tund  of  the  init_'rtM«cope,  and 
shoiilfl  be  so  placed  that  the  raya  of  light  from  the  large 
condcnacr  may  fall  upon  iL  These  rave  being  slightly  con- 
vergrnt,  and  falling  upon  a  plnno-convex  lens,  will  be  ren- 
dered more  convergent,  and  brought  to  a  focus,  F,  upon  the 
object,  C,  as  seen  in  fig.  126,  where  L  represents  the  lamp, 
D  E  the  lai^  condenser,  and  A  B  the  emaller.  The  Email 
condenser  answers  uncommonly  well  for  daylight,  for,  in  this 
case,  the  rays  being  parallel,  they  will  be  made  to  converge 
and  be  brought  into  focus  upon  the  object.  Ttiis  mode  of 
illuminating  an  opaque  object  appean!  to  have  been  first 
contrived  by  tlooke,  in  1675,  for,  in  his  JUicrop-aphia, 
plate  1,  the  some  arrnngement  is  represented  as  the  one 
abovQ  described,  but,  instead  of  a  lat^c  condenser,  a  globe 
of  glass  full  of  water  wne  usctl  by  him. 

The  other  mode  of  illmuiuuting  au  opaque  object  by  obUque 
light  is  that  by  the  side  re6ector,  tlie  invention  of  Mr.  Roes : 
it  consists  of  a  concave  oblong  silver  cup,  dcscriljcd  at  page 
127,  which  is  attached  to  some  immovable  port  of  the  stage  or 
stand  of  the  iniftrumcnt,  and  is  supplied  with  a  sliding  arm 
and  a  boU  and  socket  joint  for  atljuftment,  so  that  it  may  be 
used  for  an  opaque  object  either  pliu'cd  on  the  stage,  or  held 
by  the  forceps ;  the  mode  is  as  follows : — 


OPAQUE   ObJECTS. 


109 


The  comleiiiiing  lena,  being  plau>d  near  to  tlic  flame  of  tho 
Iiimp,  must  be  ornuigcd  tu  Uirow  |>ara]|el  rays  ii{X)n  the  re- 
fltH-tor,  wliirh  ehniild  he  so  adjiwtcil  m  to  cumlen.-ic  them  ii|>on 
an  object  pbiceii  in  its  fix-us.  The  luunncr  of  doing  tliid  in 
bliuwn  by  fig.  127,  where  A  B  represapnta  tlic  reflector,  C  a 
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glftfts  slide,  unppcMwl  to  l»e  <ni  the  stage  plate  of  the  niicroseope, 
with  an  object  a  iijun  it,  L  tlie  laniji,  tlie  burner  of  which 
should  be  on  a  lower  level  than  the  reKector,  and  D  E  the 
eondcH.-ing  lens  plm-wl  at  a  fihort  distance  fn>in  the  flntnc  of 
the  lamp ;  the  diverging  rays  given  off  Croin  it  are  rendered 
nearly  parallel  by  the  lens,  and  the  live  rayfi,  r  r,  &e.,  falling  on 
the  reflector,  become  convergent  as  seen  at  r*  r',  and,  iw  such, 
meet  in  a  foeul  ]>oint  on  the  objc<'t,  a.  The  reHrctor  being 
attached  to  some  immovable  part  of  the  microscope  etaud,  and 
thp  lamp  and  condensing  lens  being  also  fixtures,  it  followu 
that  the  object,  if  large  and  flat,  nmy  be  moveil  by  the  stage 
ailjui*tment)4  into  any  {Hifition  that  may  be  retpiired,  without 
the  least  alteration  of  the  reflector;  but,  should  the  object 
have  an  uneven  surface,  tlic.  reflector  may  tlien  be  ho  turne<1 
on  its  bidl  and  socket  joint,  ns  to  suit  every  inequality  the 
object  may  present  Afr.  Jackson  attaches  the  n-flector  to  the 
compound  body,  so  that  tlie  focal  ndju-^tment  for  obtaining 
distinct  vision,  at  tlie  siime  time  adjusts  the  light,  ua  in  the 
Lie  berk  uhn. 

LitftrrktJitt. — The  mo<le  of  ill  unit  nut  ing  by  periiendieular 
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light  is  effected  by  the  Lieberkuhn,  before  described  at 
page  127 :  this  ronsista,  aa  tliere  etat^l,  of  a  conciive  alvered 
cup,  adapted  to  a  short  tube  tlwt  i^IIdcs  over  the  outer  i»art  of 
the  Betting  of  tlie  ohject-gbsa  with  which  it  is  intendt"d  to  be 
used,  and  is  so  contrived  that,  when  eonvergiug  rays  of  Uglit 
are  thi-owu  on  it  by  the  roncjive  mirror,  they  will  be  brouj^it 
to  a  focus  oa  au  object  placed  iu  the  foeua  of  the  object-^flasA. 
All  the  object-glasaea,  from  the  two  inch  to  the  one-fourth,  are 
provided  with  Lieberkulins,  but  the  one-eighth  and  ono-^x- 
tcenth  approach  an  cloac  to  the  objert,  that  it  n'oiUd  be  uMeleat 
to  apply  one  to  them.  The  oKler  microacopcs  were  aometimea 
fitted  with  only  one  Lieberkuhn  for  all  the  magnitj-ing  iMtwere, 
end  tliis  was  made  to  slide  up  and  down  upon  the  end  of  the 
compound  body,  a^  desfribed  at  pitge  22,  ao  as  to  condcniie 
the  ligiit  upon  any  object  placed  in  the  focua  of  either  of 
the  uiagtutier^,  liut  it  will  be  found  far  preferable  to  have  a 
Lieberkuhn  ailapted  to  each  object-glaBii:  the  old  way  was 
economical,  but,  as  niicroseopeg  arc  now  constructed,  the  plaa 
cannot  well  be  adoptciL 

When  it  is  required  to  use  a  Lieberkuhn,  the  diaphragm' 
plate  should  be  removed  from  the  under  surface  of  the  stage, 
and  im  object-glass,  with  its  accompanying  Lieberkuhn, 
Jrnving  been  screwed  to  the  compoimd  body,  the  object  in- 
tended to  be  viewed  must  either  be  placed  on  the  atage-platc 
or  iield  in  the  forceps:  the  light  must  tJieu  be  tlu'own  upon 
the  Lieberkuhn  by  the  concave  mirror,  an  shown  in  figs.  128 
and  120,  where  A  represents  the  end  of  the  compound  bodyi 
li  the  object-glaas,  C  the  Lieberkuhn  in  section,  D  the 
concave  mirror,  and  E  an  object  in  the  focus  of  the  object- 
glasa  The  converging  rays,  r  r,  &c.,  reflected  from  the  mirror, 
will  be  condensed  ujMin  the  object  10,  winch,  if  |)erfcctly  flat, 
will  be  well  exhibited,  but  if  the  surface  be  uneven,  no  part  of 
it  will  be  correctly  defined,  in  consequence  of  there  being  no 
shadows.  The  method  of  illuminating  then  to  be  employed  is 
shown  by  fig.  12f),  where  it  will  be  seen  Uiat  tlie  rays,  r  r,  &c., 
from  the  mirror,  are  only  thro^vn  on  one  side  of  Uie  Lieber^ 
kuhn,  C ;  these  an?  reflected  obliquely  upon  the  object,  E,  and 
no   part  of  it  being  illuminated  perpendiculai-ly,  a  sliadow 
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U  therefore  produced,  and  a  corrtict  figure  obtained.  It'  tlie 
oli^ect  be  a  transparent  one,  it  is  neceaitary  lliat  Humc  kind  of 
Hark  ground  be  placed  at  the  back  of  it,  to  prevent  the  central 
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Fig.  128.  I'ig.  139. 

rays  of  liglit  from  pasiiing'  to  the  object-g]a« ;  this  uiay  be 
offcelcti  by  the  enipluymeut  of  one  or  other  of  tlie  dark  stops 
or  chtiiubers.  represented  by  fig.  130,  which  should  be  brought 
into  the  axis  of  the  iiu>truui(;nt,  so  u«  to  cut  ofl*  all  the  raya 
tliat  otherwiim  wotdd  pass  to  the  object-glase,  and  so  inter- 
fere with  lliL"  ticfiuitiuii,  us  it  is  hijrhly  neccaaary  that  no  raya 
ehonid  paw  to  the  nwfjfnificr,  pwve  those  trom  the  object  iteelf, 
ThcBO  8top«  arc  made  of  ditti^rcnt  Bizea  for  the  ditTercnt 
iiDignifyinj*^  powers* ;  the  lower  the  power  the  lai*ger  the  stop 
required.  Wlien  the  stops  are  not  fitted  to  a  micro^M'ope, 
their  plat'e  may  be  mpplicd  by  a  diac  of  black  paper  laid 
behind  the  object;  or  if  the  pre])ai'ation3  be  mounted  cither 
on  diwTs  of  cork  or  in  cells,  as  hcrearter  to  be  described,  the 
itse  of  the  dark  stop  may  be  dispensed  with.  Many  persons 
prefer  mounting  their  oimque  objects  r>n  pnpers  of  (Uflcrent 
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colours,  flucb  as  f^reen,  red,  and  oven  white;  but  it  will  he 
fgund  by  far  the  bc«t  plan  to  use  a  dead  block,  aa  then  there 
is  no  danger  of  the  definition  being  interfered 
with  by  light  ivticcted  from  other  parts  than 
from  ihc  object  itself.  When  the  mibject  of 
investigation  \»  in  fluid,  and  of  a  white  colour, 
a  portion  of  black  paper  may  be  placed  be- 
neath it,  to  form  a  background;  if  the  jMiper 
be  made  with  lampblack,  there  ia  no  fear  of 
Uie  colouring  matter  coming  off;  or  e^'en  a 
piece  of  glasa  which  hati  been  blackened  on 
one  side  with  aealing-wax,  diasolved  in  spiriU 
of  wine,  will  form  an  excellent  background, 
and  such  a  tiling  uhould  be  always  at  hand, 
it  will  oflon  be  found  convenient,  and  will 
answer  the  pur[>ode  of  the  bhick  circular  dicic 
with  which  nil  the  old  microscopes  were  auj)- 
Fig.  130.  plied.  The  method  of  using  the  dark  stops 
is  shown  in  fig.  131,  where  a  represents  the 
end  of  tlic  compound  body,  b  the 
object-glass,  c  the  Lieberkuhn,  e  the 
dark  ?tO|>,  which  is  to  be  |>Iaced  in 
the  hole  of  a  ^mall  arm,  thai  iB  capa- 
ble of  being  turned  under  tlic  stage 
after  the  diaphragm  has  been  rc- 
moTPcl,  J"  a  pair  of  forcc|ffi,  ia  which 
is  held  the  object,  d.  The  rays  re- 
flected in  nearly  parallel  Unci!  fmm 
the  mirror  arc  by  the  Lieberkuhn 
concentrate*!  on  the  object,  and  thiwo 
which  arc  near  the  centre  arc  pre- 
vented from  [Wjwing  into  the  ohject- 
glui  by  tlie  dark  ett>p,  e:  it  little  matters  how  small  the 
object  IB,  or  whether  it  be  transparent  or  not,  as  the  daric 
ittop  will  entirely  prevent  any  light  paeaing  cither  through  or 
around  it 

When  the  side-refleetor  and  the  Licberkulm  are  contiULnxl 
together,  it  will  be   seen    that,  with    the   latter,  all  opujuc 
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fAjjccU)  miut  be  under  a  certain  alxe,  otherwise  no  light  will 
paae  around  Uicm  to  reach  the  Liebcrkuhn;  but,  with  the 
foniu-r,  it  matters  not  how  Iav^q  they  niuy  be,  as  the  light  ib 
tlirown  down  obliquely  upou  tlicm,  in  the  same  iniumer  as  if 
the  condeniiing  lens  were  employed.  As  a  genera]  rule  it 
may  be  slated,  thnt  the  side -reflector  is  most  useful  with 
powers  up  to  the  halt'^inch,  the  Liebcrkuhn  witli  tlie  higher. 

It  must  be  borue  in  luind  thnt  ihoec  objects  in  which  rich 
tints  <^  colour  prevail,  or  otlu-ra  whutte  surfuecs  in  any  wuy 
decompose  the  light,  must  be  mounte<l  in  such  n  manner,  that 
they  uiay  lie  turned  in  ever)'  |>0Hsible  direction,  in  order  that 
the  rays  of  light  may  fall  on  them  at  very  oblique  angles ;  a 
disc  of  card  or  cork,  with  a  pin  tluxiugh  it,  will  be  the  best 
plan  to  adopt,  as  then  they  may  be  inclined  at  any  angle, 
either  by  turning  the  pin  or  shifting  the  forceps  in  wliich  the 
pin  is  held.  The  mounting  on  flat  slips  of  glass,  as  shown  in 
figs.  124-5-6,  cannot  be  advuntjigeously  employed  witli  Huch 
objects. 

Condrnsert  or  TUumituitar*  of  Recent  ConstrwcHon. — The 
two  following  Condensers  or  Dhuninators,  like  that  of  Mr, 
Wcnbom,  before  described  in  i>age  116,  ore  for  the  puri)osc 
of  illuminating  objects  by  oblique  light,  e<)ual  on  all  eddes,  so 
that  no  ehudow  \»  pro<hiee<l;  whilst  in  the  prism  of  Kachet, 
described  in  page  120,  one  side  only  is  illuminated.  Tliis 
latter  plan,  however,  liad  been  already  lo  a  certain  extent 
accomplished  in  two  ways,  by  turning  the  mirror  very  far  to 
one  side,  and  by  the  background  illumination  of  the  Rev. 
J.  D.  Rcadc,  described  in  ^mge  1 94. 

Noherfs  TUnminatur. — This,  as  shown  by  fig.  132,  consists 
of  a  thick  plano-convex  lens,  A  B,  in  the  centre  of  the  convex 
surface  of  which  a  deep  concavity  is  made:  when  in  use, 
the  cell  in  which  tiie  lens  is  containe*!  is  fitted  to  the 
framework  of  the  achromatic  condenser,  the  plane  surfoce 
being  turned  towards  the  object.  All  the  rays,  A  h,  which  fidl 
upon  the  concave  face  ore  disperRcd  in  tlic  manner  shown 
by  //  A',  whilst  those,  a  n,  a  a,  falling  on  tlie  convex  surface 
are  brought  into  a  focus  at  C.  By  this  lurangement  n 
boUow  cone  of  light  is  obtained,  the  concave  surface  being 
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equivalent  to  a  dark  spot  or  diac  placed 
upon  tlie  convex  face,  and  it  euggcated 
to  Mr.  Tbnmiia  Rosa  the  idea  of  employ- 
ing a  very  thick  or  nearly  spherical 
leas,  or  a  globe  of  glass  full  of  water, 
*'  \/  //  \\  V  termed  a  candle  cracker,  and  stopping 
out  the  central  rays  by  means  of  discs 
^  of  tin  foil  blackened  on  one  dde,  and 
cemented  to  two  opposite  surfaces. 
Mr.  Topping  has  since  carried  out  Mr. 
Thomas  Host's  plan  and  employed  both 
a  candle  cracker  and  an  artificial  white 
eye  of  a  bird  for  the  same  purpose, 
both  of  which  answer  exceedingly  well: 
a  stage  fitted  with  one  or  more  of  these 
illuminators,  for  object-glasses  of  difterent  focal  lengths,  is 
supplied  by  Mr.  Topping. 

Amides  lUumiuator.^-This  illuminator  may  cither  be  adi^ted 
1>cnealh  tlie  stage  of  the  microscope  by  means  of  ft  jointed  arm, 
or  be  mounted  on  a  separate  stand  in  the  manner  shown  by 
fig.  133,  a  plan  U(.Iopted  by  M.  Xachct,  for  which  the  author  is 
indebted  to  Mr.  Warren  De  la  Rue.    The  foot  is  of  brass,  of 
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Fig.  133. 


the  i>1mpc  represented  by  A :  with  this  are  connected  three  thin 
jointed  rods,  B,  V,  I>.  thr  illiniiiinalDr,  K,  being  readily  turned 
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on  the  last  one,  D,  by  mcaoa  of  the  lever,  F.  The  illuminator 
hseW  consists  of  a  portion  of  a  lai^  thick  lens,  such  au  tliut 
represented  by  G>  as  being  cut  off  from  H.  In  order  to 
explain  its  action  the  course  of  three  rays  of  It^ht,  a  f/  c,  is 
represented :  these  rays,  on  reaching  the  first  surface,  are  ren- 
dered slightly  convergent;  on  meetings  with  the  plane  surface 
they  are  reflected  at  right  angles,  as  indicated  by  a'  0  r';  and  on 
passing  through  the  convex  surface  G  they  are  converged  into 
a  focus  at  I.  When  in  use  the  illuminator  is  placed  imme- 
diately below  tlio  stage,  and  the  light  incident  on  one  convex 
surface  is  converged  on  the  object  by  the  other,  and  by 
turning  the  hamllc,  F,  various  degrees  of  obliquity  may  be 
obtained;  it  may  also  be  employed  as  a  substitute  for  the 
bull's  eye  condenser  to  illuminate  opaque  objects  on  the  stage : 
in  this  case  the  position  of  the  reflecting  surfaces  must  be  the 
reverse  of  that  indicateil  in  the  figure — in  other  words,  the 
plane  surface  must  be  up[>crmost. 

Annular  Condenser. — In  order  to  take  advantage  of  the 
reflection  from  the  internal  surface  of  glass  Mr.  Sluulbolt  has 
contrived  the  instrument  represented  by  fig.  l^,  which  he 
terms  the  annular  condenser;  it  consists  of  an  annular  prtsin 


Fig.  13-1. 

or  ring  of  glass,  which,  if  divided  vertically,  would  be  rcpre- 

by  a  in  No.  1,  6g.  134,  the  two  upper  planes  being 

inclined  towards  each  other  according  to  the  obliquity  of  the 
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ljj;ht  required ;  the  planes  are  nbout  ,'o  of  oo  inch  in  width. 
The  condenser  U  set  In  a  frame  of  brass  us  shown  in  ]>erspective 
in  No.  2,  or  in  section  in  No.  3,  and  19  applied  to  the  brasswork 
of  the  ordinary  acliruiiiatic  condenser,  the  central  part,  c,  being 
stopped  up  with  black  wax  or  otlier  dark  aubstancc.  When 
rays  of  light  pasa  throu<;h  tlie  under  part  of  the  ring  and 
impinge  on  tlic  surface,  A,  they  are  retlected  from  tliat  surfHCC 
and  are  transmitted  through  that  of  a  uiMn  any  object  placed 
u|>on  the  stage,  the  angle  being  dependent  upon  the  inclination 
of  the  surface,  b,  so  that  the  niys  fall  nt  the  sanie  angle  and  in 
every  azimuth  of  the  circle. 

The  above  was  the  form  of  condenser  firi*t  recommended  by 
Mr.  Shmlboll;  he  has,  bowcver,  recently  elU-eted  a  very 
material  improvement  in  its  construction,  whereby  its  ilhnnin- 
ating  powers  are  greatly  increased.  In  the  former  instnunent 
all  three  surfaces  were  rectilinear;  but  in  the  present  form 
the  reflecting  and  emergent  8urf:u;eu  are  curves,  the  outer  one 
being  a  close  approximation  to  a  parabola.  This  new  illumin- 
ator is  represented  of  the  size  for  a  li>w  power  in  fig.  134  :  <t  is 
the  outer  parabolic  surface;  b,  the  brass-setting;  r,  the  dark 
spot  in  the  centre  of  the  concavity,  d.  As  thus  constructed, 
this  new  instnunent  soniewliat  resembles  a  cai*t  in  glass  of  tlie 
interior  of  the  illuminator  of  Mr.  Wuuimm,  but  is  more  easy 
to  nee.  Mr.  Wenhara's,  however,  is  capable  of  being  employed 
with  most  of  the  object-glasses  ns  high  as  the  J,,  from  having 
an  mljustable  stop  in  tlie  centre;  but  Mr.  Sliiullwlt's  requires 
a  distinct  illuminator  for  each  object-glass.  There  arc  some 
objects  that  are  beauUfully  seen  by  this  illuminator  a**  well  as 
by  (luit  of  Mr.  Wenhaui:  these,  however,  will  be  particularly 
pointed  out  in  the  classified  lists. 

Mr.  GiUetfs  Conilmer. — This  very  valuable  instnunent, 
contrive*l  by  Mr.  Gillett,  is  constructed  by  Mr.  Koss;  it  is 
represented  of  the  full  size  in  6g.  135,  and  consista  of  au 
achromatic  combination.  A,  about  equal  in  power  to  \  of  an 
inch,  and  having  an  angular  aperture  of  80",  beneath  which 
u  conical  diaphmgm,  B,  pro\'idcd  with  22  apertures  of  dif- 
*zes  is  fixed,  and  each  aperture  in  succcseion  becomes 
ing   aperture   of  tlie  illuniinuting  combination,  A. 
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TI16  bar,  Ct  fomis  the  centre  ujion  winch  the  tliAphra^m 
himfl ;  it  is  provided  witli  a  spring  nnd  cuteh,  the  Inttcr  of 
wliich  not  only  bIkjws  when  nn  aiwrtnre  is  in  ita  right  place, 
but  lU&o  indicates  tlic  number  of  the  eamo.  Tlic  condenser 
fits  upon  a  Bqimre  bar  attached  to  the  under  Biirfaee  of  the 
6ta^  by  the  sercw  D;  it  can  be  moved  up  and  down  and  be 
made  to  traverse  from  side  to  aide  by  tlie  wrew  I'l  Beneath 
the  cone  of  iliuphi-o^ins  are  two  milled  heads,  F  G ;  the  one 
at  F  18  for  the  pm-poac  of  a<]ju8tinj;  the  front  combination 
for  thickness  of  gUiss  iqxin  wliieh  the  object  is  plaoe<l,  and 
that  at  G  for  clamping  the  entire  etmdenser  to  tlie  partii 
concerned  in  its  adjustment. 


Fig.  \S5. 

This  instrument  requires  some  conaidernblc  prartico  to 
bring^  out  ite  powers,  and  at  night  i&  employed  with  a  cam- 
phine  hnnp  and  reflector  of  ]>ecnliar  construction ;  a  more 
detailc<l  description  of  it  will  therefore  be  given  in  the  chapter 
on  tent  objwl*. 
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Before  leaving  ihe  subject  of  the  illumination  of  inicro- 
wiipic  olijects,  it  niHv  be  !i8  well  Iicrc  to  Iiiy  down  cei 
ruleij,  wliich,  for  the  accunitc  display  of  iiiimite  structures,^ 
afaotUd  be  fully  carried  out  Sir  David  Brewster,*  the  gpeiitest 
living  authority  in  these  matters,  has  insisted  on  the  follow- 
ing; some  of  tliese,  with  a  few  alterations  suitable  to  our 
modci*n  pxicposcopes,  we  will  adopt: — 

1.  The  cyo  should  he  protected  from  all  extraneous  light, 
except  that  wliich  is  transmitted  througli  or  reflected  from  the 
object. 

2.  Delicate  microscopical  observations  should  not  be  made 
when  the  fluid  which  lubricates  the  cornea  of  the  obscn-er's 
eye  happens  to  be  in  a  viscid  state,  which  is  frequently 
the  caM. 

3.  The  figure  of  the  cornea  will  be  least  injured  by  the 
lubricating  fluid,  either  by  collecting  over  any  part  of  the 
rornca,  or  moving  over  it,  when  tlie  observer  is  lying  on  Iub 
back  or  standing  vertically.  WHicn  looking  downwards,  n« 
into  the  comjKiund  microscope  arrangetl  vertically,  the  fluid 
ha«  a  tendency  to  flow  towards  the  pnpil,  and  injure  the  dis- 
tinctness of  the  vision. 

4.  If  the  microscopic  object  is  longitudinal  like  n  line  hair, 
or  consists  of  longitudinal  stripes,  the  direction  of  the  lines  or 
stripes  should  be  towards  the  observer's  body,  in  order  that 
their  fonn  may  be  tlie  least  injureil  by  the  descent  of  the 
lubricating  fluid  over  the  cornea. 

5.  Tlie  field  of  ^^ew  should  be  contracted,  so  as  to  exclude 
every  part  of  the  object,  excepting  that  which,  is  under  imme- 
diate examimition. 

6.  Tlie  light  which  is  employed  for  the  purpose  of  illumin- 
ating the  object  should  have  as  small  a  diameter  as  possible. 
In  the  day  time  it  should  be  a  single  hole  in  the  window 
shutter  of  a  darkened  nmrn,  and  at  night  it  should  be  an 
aperture  placed  before  an  argand  lamp.  To  efl'ect  tliis  Inst 
desirable  object,  either  the  diaphragm  represented  by  fig.  63, 
or  the  clumney  shiule  described  at  poge  153,  may  be 
employed. 

*  Treatite  on  tie  MieroMcopr,  p.  138. 
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CHAPTEK  IV. 


MICROMETER. 


OxK  of  the  most  valuable  adjuncts  to  a  good  microscope  is 
an  instrument  termed  the  micrometer,  wliicb,  us  its  oaiiio 
impUets  in  for  the  purpose  «tf  ascertaining  the  meaauremont  of 
email  objects;  for  not  only  is  it  highly  desirable  lu  micro- 
acojHcal  inTCRtigations  to  have  a  meand  of  ei^Umating  the  exact 
size  of  any  object  under  examination,  but  In  the  present 
advanced  state  of  Hcience,  accurate  meaHurcmeuts  oilentimes 
form  the  most  valuable  points  of  distinction,  and  from  the  car- 
liuBt  [wriod  ofmieroacopical  Bcieocc,  tlic  want  of  some  common 
standard  for  comparison  hoe  been  greatly  felt  Leeuwenbock 
selected  minute  grains  of  sand,  as  nearly  alike  as  possible,  and 
arranging  them  in  a  line,  counted  tlie  number  which  occupied 
the  space  of  an  inch:  by  comparing  the  subjects  of  his  examina- 
tion with  these,  ho  was  enabled  to  form  a  rough  estimate  of 
their  bulk.  More  mtxlem  microscopists  have  employed  for 
the  same  purpose  the  sporulcs  of  the  Lycoperdon  bovieto,  or 
jmff-halL  These,  which  are  said  to  be  so  small  as  the-g^^Qn 
part  of  an  inch,  will  only  answer  for  the  moet  minute  structures, 
but  for  those  that  ore  larger,  the  sporules  of  the  Lycopodiimi 
may  be  used,  their  mean  diameter  being  about  ^j,  of  an  inch. 
Dr.  (Turin*  introduced  into  the  field  of  view  small  pieces  of 
silver  or  brass  wire,  the  diameter  of  wliich  be  liad  previously 
ascertained  by  coiling  it  round  a  cylinder,  and  obeerving  how 
many  breadths  of  the  wire  were  contained  in  a  given  number  of 
inches,  or  parts  uf  an  inch.  Other  su)>stancea,  whose  dimen- 
sions have  previously  been  made  known,  such  as  hair,  silk, 
an<l  human  blood,  have  all  been  suggested  as  applicable  tu  tliC 
same  purpose.     As  long  ago  as  175(),t  Martin  Folkes,  then 
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*    Phgiicn  Matktmatical  Di»»^rtati(trt»,  p.  45, 
t  Baker — Ott  tk«  Micro»eop«,  vol.  iL,  p.  426. 
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Prceidcnt  of  the  lioyal  Society,  described  ft  plan  of  Cuff^B,  ot 
placing  a  lattice  of  fine  silver,  or  other  wires,  in  the  focus  of 
the  cyc-glai«  of  the  eoni|>oiuad  body,  the  individual  wires  being 
distant  from  each  other  ^^  of  an  inch,  these  were  crossed  at 
right  angles  by  others  at  the  same  distance  apart,  and  bu 
contriTed  as  to  divide  the  whole  ai-ca  t>f  the  field  of  view  into 
squares,  whose  aides  were  just  ^^  of  an  inch  in  lenj^h,  and 
as  the  image  of  any  object  under  cxaniination  is  fortncd  where 
the  raicrumeter  is  placed,  it  follows  that  such  imapp  may  be 
readily  mca^'urwl :  tliis  appears  to  have  Iweu  Uic  first  applica- 
tion of  a  scale  to  a  magnified  image. 

Benjamin  Martin  also,  about  the  same  time,*  contrived  a 
micrometer  for  his  compound  micixwcopes :  this  consisted  of 
a  screw  ha\-ing  fifty  threads  in  the  inch,  and  made  to  revolve 
in  the  focus  of  the  cye-^laea ;  one  end  of  the  screw  was 
pointed,  and  the  other  was  prox-ided  with  a  hand,  or  index, 
which  could  be  turned  upon  a  dial,  Like  Uiat  of  a  watch, 
whose  circimifercncc  was  divided  into  twenty  parts,  the 
value  of  each  division  therefore  was  joVo  ***"  ^^  inch.  The 
object  to  be  measured  was  placed  on  the  stage  in  the  usual 
manner,  and  was  so  adjusted  that  the  image  of  one  of  ita  sides 
should  be,  as  it  were,  applied  to  the  point  of  the  screw  when 
the  hand  of  the  index  was  at  zero;  the  number  of  revolutions 
and  parts  of  the  siune  that  may  be  made  during  the  pasen^ 
of  tlie  jK)int  of  the  screw  to  tlie  opposite  side  of  the  object 
wonid  give  its  dimensions. 

The  elder  Adams  employed  an  instrument  of  tlic  same 
kind,  which  was  clamiK-d  by  a  screw  to  the  outside  of  the 
compound  body,  and  a  needle,  .ictiid  on  by  a  screw  with  fifky 
threads  to  the  inch,  was  passed  through  a  small  hole  in  the 
side  of  the  body,  so  as  to  he  in  the  focus  of  the  eye-glass; 
the  value  of  e^ch  turn  of  the  screw  was  known  by  an  index, 
which  pointed  to  a  scries  of  divisions  on  a  eircuhir  plate  fixed 
at  right  angles  to  the  axis  of  the  screw.  To  ascertain  with 
case  a  small  part  of  an  inch,  a  sectoral  scale  was  contrived ; 
this  consisted  of  two  lines,  which  fonned  with  each  other  an 
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iBiM)(T{*.)ii8  triangle,  each  of  whoec  sides  was  two  iiicheB  long 
nud  the  base  oncHcnth  of  an  inch;  one  side  was  divided  into 
U'n  partt*,  and  the  transvciiK  measure  waa  such  a  ]Nirt  of  the 
tcntii  of  an  inch  as  waa  exprcwwd  bj  tlie  diviaionSt  so  that 
Cio  transverse  measurc  of  the  first  division  would  be  the 
tenth  part  of  a  tenth  of  an  inch,  or  in  other  wnnL«,  the  t^o. 
If  the  divisions  were  twenty  in  number,  then  tlie  value  of  the 
same  measure  wouM  1h)  ^^^  of  an  inch.  Adams  also  con- 
trived a  Miicrometcr  for  placing  on  the  stage;  it  consisted  of 
a  few  small  silver  wii^es,  in  the  form  of  a  lattice,  the  distance 
of  ono  from  the  otlicr  being  exactly  equal  to  tlmt  of  tlie 
diameter  of  the  wire  ilhclf ;  the  lattice  waa  placctl  between 
two  pieces  of  uiica,  and  the  object  waa  placed  upon  tlic  niicot 
and  botli  it  and  the  lattice  were  magnified  equally.  Various 
other  contrivaDCCS  have  been  had  recourse  to  tor  effecting  the 
same  object,  but  they  may  all  be  claj^sed  under  two  hcatls  : — 
first,  tlioso  micromotcrs  that  arc  applied  to  the  magnified 
image  of  an  object,  and  second,  those  that  are  magnified 
at  tJie  some  time  as  the  object  itself.  It  would,  however,  be 
useless  to  enter  further  in  detail  into  tlie  subject,  as  only  a  few 
of  the  old  farms  arc  now  adopter!,  tliesc  being  the  stage  micro- 
meter, consisting  of  n  nnmljcr  of  lines  accurately  ruled  on 
glasB,  metul,  ivory,  or  motlu^r-of-j^eurl,  aliiT  thi!  plmi  of  those  of 
the  late  Air.  Coventry,  and  the  cobweb  micrometer  eye-pieco 
of  Iliim^en:  the  dividwl  ohjcrt-glass  micrometer,  and  many 
others  equally  good,  being  now  but  rarely  employed  with 
the  achromatic  compound  mlcroscojw.  The  microineton}  in 
general  use  at  the  present  day  are  of  three  kind^  and  may  be 
du'siguated  as  fuUows: — first,  the  st^ige  miiu-ometer,  second, 
the  micrometer  eye-piece,  and  thini,  the  cobweb  or  wire 
micrometer.  The  first,  or  stage  micrometer,  is  placc^l  in 
immediate  contact  vrith  the  object,  and  both  it  and  the  object 
arc  magnified  together;  whereas  the  last  two  nro  applied  to 
the  magnified  image  of  the  object,  which  in  practice  has  been 
found  the  most  available  plan. 

Staffc  Micrometer. — This  instrument,  invented  by  the  late 
Mr.  C-oventry,  consists  of  a  piece  or  slip  of  glfws,  metal,  ivory, 
or  mother-of-pearl,  nded  with  fine  linca,  by  means  of  a  diantond 
11" 
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point,  at  some  known  distance  apart,  8»y  from  -^  or  ttjW  **^ 
an  inch,  06  shown  by  fig.  136:  on  thietlie  object  is  pliiccd»  audit 


gii^n^LJ^hj^tihiA^ 


Fig.  i.-w. 

is  necessary  tliat  both  it  and  the  lines  be  eecn  at  one  anil  the 
same  time :  the  number  of  lines  which  the  object  occupies 
will  pve  the  exact  measurement.  This  method,  however,  is 
very  inconvenient  ami  c-an  only  be  effected  with  a  single 
lens,  or  with  n  compound  nucroecope  of  low  power,  for 
with  higher  powers  tho  focal  point  is  so  precise,  that  the 
jilanc  in  wliich  objects  can  be  distinctly  delined  is  almost  a 
lunthcniatical  one,  and  the  lines  and  the  object,  tliercfbre, 
cannot  be  in  focus,  or  be  distinctly  seen  together;  besides,  if 
the  object  be  immersed  in  a  fluid,  the  lines  will  become  indis- 
tinct from  being  filled  with  it,  and  thus  the  operation  of 
measuring  will  be  re»derc<l  almost,  if  not  quite,  imprac- 
ticable. It  is  also  inapplicable  to  opaque  objects  of  any  thick- 
ness, and  even  to  transpartmt  ones  after  they  are  mounted, 
but  is  of  great  use  for  other  purposes,  and  will  be  again 
allvidod  ta 

Eyc-yifct  Micrometer. — This  consists  of  an  eye-piece,  ha\'ixig  a 
divider!  glass  placed  in  it^  focus:  if  tlie  positive  eyc-piecc  be  usedf 
the  Jividcd  gloss  is  placed  below  the  field-lens ;  but  if  the  nega- 
tive, then  the  puint  selected  is  between  the  two  lenaes.  The 
positive  eye-piece  is  the  invention  of  Romsden,  and  has  been 

before  alluded  to  in  [raigca  73 
and  176.  Mr.  Ross,  who 
employs  it  for  his  mieroine- 
tcrs,  adopts  the  form  re- 
presenteii  by  figs.  137  and 
138.  Fig.  137  exliibiU  the 
extemalappearancc,and  fig. 
Fig.  137.  Fig.  138.        138  a  section  of  the  Bome^ 
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Fig.  199. 


it  consute  of  tiro  tub«d,  sliding  one  within  the  other;  Uic 
external  one  liati  tlie  divided  (^lusd  twrewed  into  itti  lower  end, 
nnd  the  internal  carriea  the  two  lenses,  na  ahown  in  iig.  13**. 
When  thin  6gurc  is  couipitred  with  Iig.  101,  it  will  be  seen 
that  the  fielil-Iens  h  reversed;  thnt  is,  it«  convex  ourlacc  is 
t'Dwitrdt)  tlie  eye.     The  divided  glnsses  are  shown  by  fig.  139; 

the  lines  ruled  on  theui 
may  ^^lrv  frnm  the  ^^  to 
the  J  j^  f,  of  an  inch  apart ; 
they  are  uet  in  bmsa  celb, 
by  which  they  may  be 
screwed  into  tlie  lower  end 
of  the  outer  tube,  ao  as  to 
be  in  the  focus  of  the  eyeglass.  The  value  of  the  8(|uarets 
with  tlio  different  cye-piecee,  ia  obtained  by  a  stape  micro- 
meter. Ml',  lloss  now  employs  only  one  divided  glass,  and 
the  valnca  of  the  ec]uare8,  with  the  different  object-glasses, 
hiiving  been  determined,  arc  act  down  in  a  tabular  furui. 
Mr.  Powell  and  Mr.  Smith,  following  Mr.  Tulley,  place  the 
micrt)metcr  in  the  negative  eye-piece  in  tlic  situation  of  tlie 
Btop.  Each  of  theae  plans  baa  its  peculiar  advantages.  Tlie 
poaiuvc  eye-piece  ^vet*  the  In-rt  view  of  the  micrometer,  the 
negative  of  the  object.  The  ftinuer  is  quite  free  from  distor- 
tion, even  to  the  cdgee  of  the  field,  but  the  object  is  slightly 
coloured.  The  latter  is  free  from  colour,  but  is  slightly  dis- 
torted at  the  edges ;  in  the  centre  of  the  field,  however,  to 
the  extent  of  half  its  diameter,  tliere  i*  no  perceptible  distor- 
tion, and  tlie  cicame&s  of  the  definition  gives  a  prec)f«ion  to 
the  mcafiircment  which  ia  very  satisfactory.  The  plan  now 
geucniUy  adopted  ia  tlmt  whieb  was  first  rccuni mended  by 
Mr.  George  .Tack8t>n,  in  a  paper  read  before  the  Microacopical 
Society,  in  1840;  since  that  time,  he  has  improved  upon  the 
metliod  of  mounting  the  dividc<l  ^I.tss,  and  has  fiimishcd  to 
the  society  a  more  lengthened!  cinuuiunieution,  from  wluch,  by 
his  permission,  I  have  taken  my  description. 

Short  bold  lines  arc  ndi.'d  on  a  piece  of  glass ;  and,  to 
facilitatt:  counting,  tlie  fil^h  ia  drawn  longer,  and  the  tenth 
still  longer,  as  in  the  common  rule.      Very  finely    levigated 
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plumbago  is  niltheil  into  the  lines  to  render  them  viuble  nntl 
iJicy   are   covered   with  a  piece  of  thin  glaea^  comcnted  by 


Fig.  UO. 

Canjwln  biiUain,  to  secure  (he  pluuibn^o  froiu  being  wiped  out- 
The  slip  of  gliwta  thus  prepared  is  pbu-'cil  in  a  thin  brass  frame, 
as  shown  in  fig.  140,  so  that  it  may  elide  freely,  and  ia  acted 


jif 


Fig.  141. 


Fig.  14a. 


on  at  one  end  by  a  puslung  screw,  and  at  the  other  by  a  alight 
spring.  Slita  arc  cut  in  the  negative  eye-piec«  on  each  pidc,  as 
shown  in  figs.  141  mid  142.  so  tliat  the  braes  fnimc.  m,  loay  be 
passed  across  the  field  in  tlie  focus  of  Uie  oye-glasa,  the  cell 
of  which  should  Imvc  a  longer  screw  tlian  usual,  to  adnut  of 
»djut«tment  for  ditVerent  eyes.  The  brass  fnune  is  rctiuned  in 
its  place  by  a  spring  within  the  tube  of  the  eye-piece.  When 
the  frame  is  not  employed,  an  inner  piece  of  tube,  a,  may  he 
drawn  across  the  slits  so  as  to  prevent  dust  from  getting 
between  the  glasseii.  The  method  of  using  this  micrometer 
is  OS  follows : — the  object  is  brought  to  the  centre  of  the  field 
by  the  stage  movement,  and  tlie  coincidence  between  one  side 
of  it  and  one  of  tlte  long  lines  is  made  with  great  accuracy. 
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The  cobweb  micrometer,    the  invention    of  Ramsdcn,  is 

represented  by  fig.  143 ;  it  is  connKised  of  a  positive  eye- 
piuc'c  (fig.  138),  in  the  focus  of  which  two  very  fine  parallel 
wirea,  or  cobwebs,  are  etrctched  across  the  field ;  one  of  these 
wires  can  be  separated  from  the  other  by  a  ecrew,  commonly 
provided  with  a  hundi-cd  tlircads  to  the  inch,  and  the  head  of 
of  which,  as  shown  by  fig.  143,  is  oIbo  divided  into  a  hundred 
parte.  The  field  of  \iew,  which  is  represented  by  %.  144,  la 
made  Bat  on  its  lower  border,  by  meana  of  a  comb,  made  of 
a  thin  piece  of  brass,  whose  edge  is  indented  with  notches, 
made  by  the  threads  of  the  aame  ecrew;  every  fifth  notch  is 
longer  tlian  the  othci*s,  to  facilitate  counting,  and  each  notch 
correeponds  to  one  tnm  of  the  milled  head,  ao  that  the  num- 
ber of  turns  con  be  read  oH'  in  the  field  of  the  iustnunent,  and 
the  fhiction  of  a  turn  on  the  divided  head. 

Thus,  by  tins  simple  contrivance,  the  distance  of  the  wires 
can  be  ascertained  to  the  hundredth  of  the  turn  of  the  screw, 
and,  as  it  has  been  stated  that  tlie  screw  has  a  hundred 
tlu-eads  to  tlte  inch,  it  follows  that  the  magnified  image  of  on 
object  may  be  measured  to  the  ten-thousandth  of  an  inch; 
but  with  an  object-glass  of  one-eighth  of  an  ijjch  focus,  the 
imago  will  at  least  be  magnified  eighty  times,  without  the 
power  of  the  eye-piece;  it  follows,  therefore,  that  a  quantity 
as  small  as  the  ei^t-hundred-thousanilth  of  an  inch  should  be 
appi-cciable  by  such  an  instrument,  but  in  practice  tliia  baa 
been  found  impossible,  as  no  acJiromatic  power  has  yet  been 
made,  capable  of  separating  lines  that  arc  closer  together  than 
the  one  sevcnty-five-Uiouaandth  of  an  inclu  This  micrometer, 
when  well  made,  is  ratlicr  expcns'iTc,  and  requires  some  cou- 
stderublti  rare  in  using :  and  as  tts  accuracy  depends  entiwly 
on  that  of  the  glass  micrometer  used  in  finding  the  %'alucof  its 
divisions,  the  measurements  made  by  it  are  by  do  oicana  so 
delicate  as  they  npjKiar  to  b«. 
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ON  TBE  MEAjSUREVENT  UP    MICROSCOPIC   OBJECTS. 


first. —  frith  the  Stage  Micrometer. — To  effect  this  it  U 
neceasary  to  be  proTOltxI  with  a  strip  of  glass,  mother-of- 
pearl,  or  ivory,  on  wliieU  Unca  arc  accumtt^Iy  ruluil  at  u 
certain  fraction  of  on  inch  apart,  say  from  the  ^he  ^  ^^ 
TuVn  of  an  inch,  as  was  done  by  the  late  Mr.  Coventry  and 
Sir  John  Barton.  The  moat  convenient  form  of  micrometer, 
for  atl  purposes,  wUl  be  oao  divided  into  hundreds,  and  one  of 
tliese  dividiona  into  ten  parta,  or  thou^tanda.  Tlioec  of  glass 
are  the  best  for  tran^[)arcnt  objects,  and  tlie  niothei'-of-peaiH, 
or  ivory,  for  opaques;  and,  to  make  the  lincR  more  evident, 
finely  levigated  blucklcad  should  be  nibbwl  ui  to  fill  thcni  up. 
The  object  to  be  uiL-asured  is  to  be  laid  on  the  glass,  or 
mother-of-pcari,  and  both  it  and  the  lines  must  be  viewed  at 
one  and  the  saine  time,  with  tiie  lowest  power  that  can  oon- 
vcolcntly  be  used;  tlie  number  of  the  divisions  occupied  by 
the  object  will  give  the  measurement  required.  Example: — 
Thus,  suppose  an  object  occupied  ten  of  the  larj^  divisions, 
ita  linear  measurement  would  then  be  Vg'^,  which  if  reduced 
to  ita  lowest  terms,  would  be  the  -^^  of  an  inch ;  if  fifty,  then 
it  would  measure  half  an  lucb,  if  fifteen  divisions,  tlien  it 
would  Iw  y^^^,  or  nearly  ^  of  an  inch.  It  followa,  therefore, 
that  an  object  to  be  measured  in  this  way  muat  be  very  thin 
and  the  power  low,  in  order  Uiat  it  and  the  lines  inay  be  in 
focus  at  the  same  time.  This  micrometer  answers  better  for 
tlie  simple  microscope  than  for  the  conifHiund  a(Thn>matIc 
instrument,  as  in  tlic  latter  the  focus  even  of  a  low  power 
object-glass  Is  so  exact,  tliat  but  very  few  object*  are  thin 
enough  to  be  seen  at  the  same  time  as  the  lines.  Most  of  the 
objecta  requiring  measurement  are  those  which  must  of 
neccsfiity^  be  examined  in  fluid;  this  w^Ul  render  the  lines 
on  the  glass  micntmcter  all  but  invisible,  unletts  tliey  are 
very  boldly  nded  and  filled  up  with  some  opaque  matter. 
■.  Pi-Itchanl  supplies  with  bis  microscopes  animalcule  cages, 
n  the  upper  surface  of  the  bottom  gjawt  ui  which,  lines  arc 
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ruled  from  the  jiu  to  the  j^^  of  an  inch  apart;  tbcac  can 
hardly  be  seen  when  the  fluid  containing  aninialculea  is 
present,  although  tlicy  are  \cry  coarsely  ruled,  and,  willi 
objects  of  any  thickac&a,  all  meAsiiremente  are  iocorrect,  in 
con^uence  of  tlie  rays  of  light  from  tlie  object  and  the 
micrometer  not  being  given  otf  at  the  same  angle ;  so  that 
(he  object  is  referi'ed  to  a  [wiut  of  the  micrometer  larger  tlian 
it  really  is. 

SecojuL — fiy  Oie  Mtcrwnctcr  Etfe-piect. — ^In  the  description 
of  tliis  instrument,  given  previously  in  pp.  2 1 2-3,  it  was  ef nt47d 
to  conust  of  an  oyo-picce  in  the  focus  of  which  a  piece  of 
glass,  having  short  bold  lines  ruled  upon  its  upper  surface, 
was  pl:ice<l  generally  ^H  **f  **^  ^^'^  apart,  with  every  fiith 
longer,  and  every  tenth  longer  etill,  to  facilitate  counting ; 
but  it  is  not  neccasory  that  the  number  of  linos  in  an  inch  be 
known,  a»  long  as  they  are  equidistant;  and  let  us  take,  in 
the  first  place,  the  negative  cyo-piece,  aa  supplied  with  Mr. 
Powell  or  Mr.  Smith's  micro9Cope& 

To  J!mi  the  Value  of  the  Lines  in  the  Negative  Eye-pieee 
Micrometer. — The  micrometer  set  in  its  brass  frame,  as  seen 
in  fig.  140,  U  passed  so  far  through  the  alita  iu  the  eye-piece, 
as  that  the  lines  may  be  seen  to  fwcupy  the  centre  of  the 
field  of  view,  and  to  be  in  tlie  focus  of  the  eye-glase.  The  eye- 
piece having  been  placed  in  the  end  of  the  corapouml  body, 
as  tar  ae  it  will  go,  the  next  step  is  to  dctenuinc  the  value  of 
the  divisions  of  this  eye-piece  micrometer  with  each  of  the! 
object-glasses.  This  is  done  by  laying  on  the  stage  of  the 
microscope  a  glass  micrometer,  di\ided,  say  into  -jgjf  and  tjW 
of  nn  inch,  and  the  hiwcst  ubject-glase  being  screwed  to  the 
compound  body,  the  lines  on  the  stage  micrometer  are  to  be 
brought  into  focus;  and  eitlior  the  eye-piece  or  the  stags 
micrometer  having  been  so  turned  as  to  bring  the  lineB  m 
both  micrometere  piuTdlel,  we  must  then  obsen-e  how  fiir  the 
lines  in  each  coincide,  whether  every  thii-d,  fourtli,  fillh,  and 
so  on ;  and,  for  the  soke  of  simplicity,  let  us  suppose  the  onc- 
iuch  object-glass  to  be  employed,  and  it  having  been  noticed 
that  every  division  of  a  hundredth  of  an  inch  in  the  stago 
micrometer  coincides    witli   ten  in  that  of  the  cye-pioce,  it 


MICKOUETKK. 


n$ 


follows  that  tlie  divielone  or  lines,  in  the  eye-|Mcce  nucru- 
meter,  were  ^ ^'o  ^^^^^  iQ<^  apart;  the  stage  micrometer  may 
HOW  be  removed,  anil  every  objert  viewed  with  the  micro- 
meter eye-piccc  and  the  one-inch  object-glass  can  be  uicaitured 
to  tho  iVotr  of  an  inch.  Should,  therefOTe,  one  of  the  toSd^^ 
the  eye-piece  micrometer  be  dinded  into  fom-  parts,  then  every 
one;  of  tlieae  diviaions  would  be  the  xrinff-  Again,  if  mlh  an- 
other power  it  waa  found  that  -^i^So  of  no  inch  on  the  stage 
mirrometer  coincided  with  ten  of  the  spaces  of  tho  eyc-pieoo 
micrometer,  then  the  value  of  each  of  the  eye-piece  micro- 
meter divisions  would  be  the  nr.^iit  ^  '^  inclu  It  will  ho 
found  in  practice,  when  high  numbers  are  being  obser^'cd,  timt 
the  stage  movements  are  rather  too  coarse  to  bring  the  lines 
in  the  two  micrometers  accurately  ovex  each  other;  the  small 
screw  at  the  end  of  the  bnuw,  as  shown  in  fig.  140,  must  tlicn 
be  cniployeiL  We  Imve  hitherto  H{M>ken  only  of  the  numbers 
in  the  eye-piece  micrometer  coming  out  even,  but  such  is 
rarely  the  case ;  the  chances  are,  tliat  tltere  will  be  a  very 
minute  variation  between  any  two  or  more  of  both  seta  of 
lines.  If  it  be  not  a  matter  of  much  moment  to  determine  tho 
value  of  tlic  divisons  accurately,  and  if  no  two  line-s  coincide, 
the  mean  of  a  number  of  obscrvntions  may  be  taken  as  an 
npproximutiou  to  the  truth ;  but  by  far  the  most  desirable  way 
to  remedy  the  evil  is  to  employ  the  draw-tube,  before  described 
at  page  69 ;  this,  which  must  be  graduated  un  one  side,  aa 
riliown  in  fig.  42,  into  inches  and  tenths,  may  be  pulled  out  so 
as  to  make  some  of  the  lines  iu  each  micrometer  agree. 

The  value  of  the  divisions  in  the  eye-piece  microiiwter 
should  he  foand  with  all  tlie  objcct-glasees,  and  be  put  down 
in  a  tabular  form,  as  follows;  ami,  if  the  instrument  bo  pro- 
vided witli  a  draw-tube,  the  table  should  include  the  extent 
to  which  it  ought  to  be  drawn  out,  in  order  to  make  the 
value  of  the  micrumeter  divisions  even  niuubcra: — 
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President  of  the  Royal  Society,  described  a  plan  of  Cuff's,  oi 
placing  a  lattice  of  fine  mlver,  or  other  wires,  in  the  focus  of 
the  cye-glase  of  the  compound  body,  the  individual  wirea  being 
distant  from  each  other  ^'^  of  an  inch,  these  were  crossed  at 
right  angles  by  others  at  the  same  distance  apart,  and  eo 
contrived  as  to  divide  tlie  whole  area  uf  the  field  of  view  into 
squares,  whose  sides  were  just  ^^  ***  *"*  '"^  "*  Icngtli,  and 
as  the  image  of  any  object  umler  exauiination  is  fortdcd  where 
the  micrometer  is  placed,  it  follows  that  ?ucb  image  may  be 
readily  measured :  tliis  appears  to  have  becu  tlie  firet  applica- 
tion of  a  scale  to  a  magnified  image. 

Benjamin  ^lartin  alao,  about  the  same  time,"  contrived  a 
micrometer  for  his  compound  microscopes :  this  coosisted  of 
a  screw  having  fif^y  tlircads  in  the  inch,  and  made  to  revolve 
in  the  focus  of  the  cyc-glnss;  one  end  of  the  screw  was 
pointed,  and  the  other  wa^  proWtlcd  with  a  hand,  or  index, 
which  could  be  turned  upon  a  dial,  like  that  of  a  watch, 
whoM  <drcumfcn;nco  was  divided  into  twenty  parts,  the 
value  <rf  each  di\-igion  therefore  waa  -uVo  ^^  *"  incK.  Hie 
object  to  be  measured  wo!>  placed  on  the  eta^e  in  the  u>iual 
manner,  and  was  so  adjusted  tliat  the  image  of  one  of  its  sides 
should  be,  as  it  were,  applied  to  the  point  of  the  screw  when 
the  hand  of  the  index  was  at  zero ;  the  mmjbcr  of  revolutions 
and  parts  of  the  same  that  may  be  made  dming  the  passage 
of  the  point  of  the  screw  to  the  opposite  aide  of  the  object 
would  give  its  dimensions. 

The  elder  Adams  employed  an  instnuuent  of  the  same 
kindf  which  was  rhuupcd  by  a  screw  to  the  outside  of  tJie 
cum]>iiui)d  ImxIv,  and  a  nee«lle,  nctcil  on  by  a  screw  with  fit^y 
threads  to  the  inch,  was  passed  through  a  small  hole  in  the 
side  of  the  body,  so  bs  to  be  in  tht:  focus  of  tlie  eye-glass ; 
the  value  of  each  turn  of  the  screw  was  known  by  an  index, 
which  painted  to  a  series  of  divi^ons  on  a  circular  plate  fixed 
at  right  angles  In  the  axis  of  the  screw.  To  ascertain  with 
ease  a  nuall  jwu^  of  an  iiicli,  a  sectoral  gcalc  iras  contrived ; 
this  consisted  of  two  lines,  which  foimcd  with  each  other  an 
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.ngle,  each  of  whose  ildes  was  two  inchca  long 
iiud  the  haac  onc-tcnth  of  an  inch :  one  side  was  divided  into 
ten  partii,  and  the  transverse  mcasnrc  was  such  a  part  of  the 
tcntli  of  nn  inch  as  wa^*  expressed  by  the  divisions,  so  that 
the  transverse  measure  of  the  first  division  wouhl  l»a  tho 
tenth  part  of  a  tenth  of  an  inch,  or  in  other  words,  the  xiii- 
If  the  divii^ions  were  twenty  in  number,  then  tlic  value  of  the 
same  measure  would  bo  ^^^f  of  an  inch.  Adams  also  con* 
ti-ived  a  micn)mf  ter  fur  placing  on  the  stage ;  it  eoneiHted  of 
a  few  small  silver  wires,  in  the  form  of  a  lattice,  the  distance 
of  oao  &om  the  other  being  exactly  equal  to  that  of  the 
diameter  of  the  wre  it<»clf ;  the  lattice  was  placed  between 
two  pieces  of  mica,  and  the  object  was  placed  ujMin  tlie  mica, 
and  both  it  and  the  lattice  were  magnified  equally.  Various 
other  contrivances  have  been  bad  rwourse  to  for  efflxTting  tha 
same  object,  but  they  may  all  be  classed  under  two  heads : — 
£rst,  those  micrometers  that  ore  applied  to  the  magnified 
imago  of  an  object,  and  second,  thoee  that  are  magnified 
nt  the  same  time  as  the  object  itself.  It  would,  however,  be 
useless  to  enter  further  in  detail  into  the  subject,  as  only  a  few 
of  the  old  forms  are  now  ado}»ted,  tlicsc  being  tlio  stage  micro- 
meter, consisting  of  a  number  of  lines  accurately  ruled  on 
glosB,  mctul,  ivory,  or  niuther-of-pearl,  al\cr  the  plan  of  those  of 
the  hite  Mr.  Coventry,  and  the  cobweb  micrometer  eyc-pieco 
o\'  Humeden:  the  divided  ubjcet>ghiS3  micrometer,  and  many 
others  equally  good,  being  now  but  rarely  employed  with 
the  achromatic  compound  microscope.  The  micrumctcre  in 
general  use  at  the  present  day  arc  of  tlirec  kinds,  and  imiy  bo 
designated  as  follows: — first,  the  stage  micrometer,  second, 
the  micrtMnatcr  eyc-piccc,  and  third,  the  cobweb  or  wiro 
micrometer.  The  first,  or  stage  micrometer,  is  placet!  in 
iiiunediate  contact  with  the  object,  and  both  it  and  the  object 
are  magnified  together;  when^as  the  last  two  arc  applied  to 
the  magnified  image  of  the  object,  which  in  practice  has  been 
fuimd  the  most  available  plan. 

S/affe  Mieromeier. — This  inMnunent,  invented  by  the  late 
Mr.  Coventry,  cons»i!»ta  of  a  piece  or  slip  of  glass,  metal,  Ivory, 
or  mother-of-pearl,  rnle*l  with  fine  Hues,  by  means  of  a  dinniond 
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Object -glua. 

Draw'lubv. 

Value  ofsnittll  Wvi- 

siiia&  ill  TorU  ot' 

on  Inch. 

1  Inch. 

i     » 

1    Inch. 

close. 
1  ^V  I«cb. 

Tff       n 

1,000  of  an  Inch. 
2,500 

5,000         „ 
10,000 

It  should  be  borne  in  mind  that,  when  it  ia  required  to 
aKcrtain  the  value  of  the  divisious  in  the  eye-piece  micro- 
meter with  tlie  highest  powers,  the  division  into  hundreds 
uf  tlie  sta^c  micrometer  will  occupy  too  much  of  the  field  of 
view :  some  smaller  parte  of  an  inch,  such  ns  the  two-hundredtli 
or  Hvc-huudrcdtb,  should  then  be  used,  mid  the  niuubcr  of  tlic 
ilivisiona  corresponding  to  that  quantity  be  multiplied  by  two 
hundred  or  five  hundred,  as  the  cose  may  be. 

To  ^Ttd  t/t^  Vahte  of  the  Divisions  in  the  Positioe  Eyt^piece 
^ficrmntter. — Hii?  instnmient,  before  dcivribed  at  page  21jif,  ia 
used  in  the  same  manner  as  the  ubuve-meutioued.  ^Mr.  Rose, 
who  always  ailopts  tliia  fomi  in  preference  to  the  negative, 
does  not  employ  the  draw-tube  with  liis  microscopes.  The 
micrometers,  im  ahown  in  fig.  1.39,  are  rulcil  in  squares,  and 
one  or  more  of  them,  of  dilTcrcnt  degrees  of  minuteness  in 
their  ruling,  may  be  employed;  but  it  has  been  iimud  in 
practice  that  di\i8ions  ruled  about  tJ,^  of  an  inch  apart  will 
suit  nearly  all  the  powers.  Tlie  method  of  finding  the  vaUic 
of  the  dinsions,  with  cacli  of  the  object-glasses,  ts  pei-fonncd 
by  means  of  a  stage  mici-ometer,  in  the  manner  jircnou^ly 
described.  The  positive  cyo-piccc  gives  a  muuli  better  view 
of  the  micrometer  than  the  negative  one,  but  the  definition 
of  an  object  to  be  measured  is  not  quite  so  good  Mr.  Koss 
generally  ndes  his  micrometers  in  squares,  hut  Mr.  Jackaoa 
prefers  Hues,  on  account  of  the  greater  facility  aftiirded  for 
counting.  As  with  the  negative  eye-piece  micramctcr,  so  with 
this,  it  becomes  uccc6«»ry  tu  put  down  in  a  (iibulai*  form  the 
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value  of  the  aidca  of  the  squares,  with  the  different  object- 
glawee.  The  plan  adopted  by  Mr.  Kos^  is  here  tihuwD.  The 
upper  line  indicating  the  value  of  the  divisions  in  frac- 
tious of  au  iuchf  the  lower  line  the  sonic  value  in  a  decimal 
notation. 


Value  of  each 

spnce  in  the 

Micrrtiui'tpr  E»e- 

gloM,  with  the 
Tkrioai    Objoct- 

3  la. 

llo. 

*I». 

ilD. 

4  la. 

TDff 

•0025 

•001 031 

Timt 
•000526 

■0002325 

•OOOIUI 

To  Jind  the  Value  of  each  Urt^iiition  of  the  ScraCj  or  parts 
of  a  Revolution  of  the  tame,  in  the  Cohtceb  Micrometer.—WUen 
al)out  to  be  used,  the  cylindrical  portioa  contiuning  the  eye 
and  field  lens  is  to  bo  placed  in  the  end  of  the  compound 
body,  in  the  «aine  manner  as  an  ordinar>-  eye-piece,  and  a 
micrometer  divided  into  hundreds  iind  thousnnda,  as  employed 
with  the  other  instruments,  placed  on  the  sta^^e,  and  its  lineis 
brought  Into  the  focus  of  the  objcct-f^lass.  Tlie  graduated 
head  of  the  niicrometer  bcinj;  set  at  zero,  and  the  cobwebs 
exactly  coinciding  with  each  other,  the  milled  head  i&  now  to 
be  turned,  and  notice  taken,  hnw  many  revolutions  or  pEirts 
of  a  revolution  have  been  mode  when  the  cobwebs  are  opened 
sufficiently  wide,  to  cover  a  certain  number  of  the  divisionB  of 
the  ima^c  of  the  stage  micrometer.  It  hniing  lieen  preWously 
stated,  that  the  screw  employed  to  8ei>arate  the  cobwebs  ia 
provided  with  a  graduated  circle  divided  into  a  hundred  ports; 
sliould  it  be  found  tliat  five  revolutions  of  the  screw  cause  the 
cobwebs  to  open,  so  as  to  cover  ten  divisions  in  that  part  of  tho 
tatage  micrometer  dinded  into  thousands,  it  follows  that  one 
revolution  of  the  screw  would  be  equal  to  the  ^^q  of  an  inch, 
and  one  division  of  the  graduated  head  would  be  7^0  of  j-J^g 
or  j-n.^inr  of  an  inch.  The  comb  at  tho  bottom  of  the  Held  of 
view,  as  shown  by  fig.  144,  will  indicate  the  number  of  the 
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rcvolittioiu,  as  the  tcctli  commence  from  the  fixed  cobweb. 
In  those  microscopes  provided  with  a  draw-ttibc,  the  di\'ifliona 
may  always  be  brought  out  even  numbers,  but  such  will  not 
be  the  case  with  all  the  object-glaesea  in  a  microscope  not  so 
provided,  and  the  dctcnuination  of  the  value  of  each  revolution 
will  then  become  a  rather  more  complicated  matter,  aa  will 
presently  be  showu.  The  value  of  each  revolution  of  the 
Hcrew,  with  the  different  ohject-gljiases,  idiould  be  set  down  in 
a  tabular  form,  as  was  ehown  in  the  Cftsc  of  the  cyc-picoo 
micrometers. 

Dirfttiont  for  the  Use  of  the  Etfcpiece  Micrometer, — If  there 
be  a  dniw-tube  to  tlie  compound  body,  it  should  be  adjusted 
according  to  the  table  shown  at  page  220,  the  object  having 
been  brought  into  the  centre  of  the  field,  and  the  micrometer 
properly  adjusted,  so  that  the  horizontal  line  be  in  the  direc- 
tion of  the  diameter  to  be  measured.  Head  the  measurement 
in  the  small  divisions,  and  eupposc  that,  with  the  half-inch 
object-glass,  an  object  occupies  seventeen  of  these ;  and  it 
having  been  shown  by  the  table  at  page  200,  that  the  vtiIuc  of 
each  division  of  the  eye-piece  micrometer,  with  tin;  half-inch 
object-glass,  was  the  ^3*^-5  of  an  inch,  this  number,  or  rather, 
tlio  denominator,  must  therefore  I>e  divided  by  seventeen, 
and  the  result  will  be  the  7-J--  of  an  inch,  or  the  diameter 
required  to  be  found;  or,  sliould  it  be  preferred  to  set  down  the 
diameter  in  decimid«,  then,  by  adding  ciphers  to  the  seventeen, 
and  making  it  the  dividend,  and  2,500  the  divisor,  it  may  bo 
shown  that  the  diameter  is  .00C8,  The  positive  eye-piece 
micrometer  supplied  by  Mr.  Koss  is  used  precisely  in  the 
way  as  the  above-mentioned  iustiiimcnt;  but,  there  being  nc 
draw-tube,  the  value  of  the  numbers  of  the  glass  micrometer 
cannot  be  altered  in  any  way  from  thoee  mentioned  in  the 
table.  The  s<iuiu"e8  must  be  counted  as  the  straight  lines  are 
in  Mr.  Jackson's  form,  and  the  dimensious  of  any  object 
ascertained  precisely  in  the  same  manner  as  before  described, 
viz.,  by  dividing  the  value  of  each  square,  as  given  in  the 
table,  by  the  number  of  squares  occupied  by  the  object;  or, 
if  the  decimal  notation  be  preferred,  by  adding  ciphers  to  the 
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number  of  the  equnrea,  and  dividing  it  by  the  value  of  omj 
square,  und  the  quotient  will  be  tlic  dimensions  required, 

Ta  Uae  the  Cobweb  Micrometer. — Before  on  objuct  is  mea- 
eurcd,  it  muBt  be  brought  to  the  middle  of  the  6eld>  and. 
after  the  table  has  been  comiulted,  which  showH  the  value  of 
each  revolution  of  the  screw,  and  of  each  iliviAioD  of  the 
wheel  aflixe<l  to  it,  tlie  cobwebs  miut  be  cxauiiueU,  iu  order 
to  see  whether  they  both  accurately  coincide  when  the  zero 
point  of  tho  gniduutcd  wheel  in  opposite  the  index.  The 
screw  being  now  turned,  until  Uie  ima^  of  the  object  is,  as  it 
were,  enclosed  between,  the  cobweba,  the  number  of  turns 
and  parts  of  a  turn  are  both  shown  by  tho  indices;  the  former 
by  the  comb  at  the  lower  port  of  Uie  ficldofview^Uie  latter  by 
the  division  opposite  to  which  tlie  imlex  points.  It  must,  how- 
ever, be  borne  in  mind,  that  both  with  this  micrometer  and 
with  thorn  of  ruleil  glass  several  meaaurcmentH  of  the  same 
object  ought  to  be  made ;  and  if  tlicre  should  be  any  diftcrenee 
bctiK'een  them,  tlie  mean  of  tlie  two  extremes  should  be  taken 
OS  the  correct  one.  The  measurements  made  with  the  cobweb 
micrometer  are  said  to  excel  those  of  all  the  otiicr  forms  of 
instruments ;  and  that,  with  an  objc<-t*glas8  of  one-eighth  of  an 
inch  focus,  even  n  quantity  as  small  as  tlie  eight-himdred- 
tbousandlii  of  an  inch  ran  be  a|i]>reeiated.  This  Is,  at  least,  ten 
times  as  delicate  as  is  required ;  for  ftlr.  Ross,  in  his  experi- 
ments,  preliminary  to  the  ctmstructing  of  his  beautiful  divid- 
ing-engine, foun<l  that,  with  the  higbcst  magnifying  powers,  it 
was  impossible  to  itsccrtain  the  position  of  a  line  nearer  tlian 
to  the  eigbty-thous!tn<lt1i  of  an  inch. 

Meaturanaitf  of  an  Object  matlf  by  means  of  a  Staffr  Miero- 
mrter  and  a  Camera  Lucitfa. —  For  this  very  valuable  [ilan,  we 
arc  indebted  to  Mr.  Lister.  By  means  of  the  camera  lueida, 
a  sketch  of  tho  object  is  first  made;  the  microsco[>c  l>eing 
fixed  in  the  horizontal  position,  the  object  is  then  removed 
and  a  stage  micrometer  placed  in  the  fix'us  of  the  objci't-glasd 
instead ;  a  sketch  of  its  divisions  is  also  to  be  mailc  on  the 
some  paper  as  tho  object  itself  was  sketched  on,  witli  all  the 
optical  lUTangements  of  the  microwopc  nnalleretL  The  object, 
therefore,  and  the  mici-omcter  being  both  mogniRcd  to  the 
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mine  extent,  tlieir  images  will  consequently  bcttr  tbe  eomc 
rel»tioii  to  each  other  tm  the  botlies  theiiiselvca.  The  tnetliud 
of  effecting  thia  operation  is  cxhibitfid  by  the  following?  6gure. 
In  fig.  145  is  &liown  how  the  rays  of  light  couiiii^  Irom  the 
eye-piece,  or  from  any  distant 
object,  arc  reBected  by  the  prisma 
in  such  a  manner  as  to  enter  the 
eye,    at    right    angles    to   their 
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original  direction;  and  an  tlie 
image  of  an  object  is  always  re- 
ferred by  the  eye  to  a  situation 
in  the  uiuue  direction  as  tliat  from 
which  the  rays  entering  the  eyo 
proceed,  the  magnified  image  ot' 
the  object  will  he  seen  on  a 
pft]}er  laid  on  a  table  beneath  tlie 
camera,  and  can  there  be  readily 
sketched.  Supposing,  in  the  pre- 
sent case,  that  the  objects  under  examination  be  granules  of 
starch,  or  even  blood  discs,  these  can  catsily  be  sketched  in  out- 
line ;  when,  t-berctbre,  the  micrometer  is  substituted  for  the 
starch,  its  diviaiona  or  squares  can  be  drawn  over  llic  starch 
granules,  as  shown  by  figs.  146  and  147,  the  former  being 
squares  of  5^5-  of  an  inch,  (be  latter,  i^^^;  and,  as  the  value 
of  the  squares,  or  divisions  of  the  micrometer,  is  known,  the 
objects  over  wluch  tlie  lines  are  not  drawn  can  also  be  readily 
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Fig.  146. 


Fig,  147. 
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ascertained  by  the  ajjplicalion  of  a  pair  ofcoinpasseB;  and,  if 
neoesaaiy,  the  squares,  as  flhown  in  figs.  146  and  147,  can  bo 
liulber  subdivided  iulo  four,  so  that  t}ic  diameter  of  an  object 
can  be  mt-afiured  even  to  tlic  fourth  part  of  the  quantity  given 
b_v  the  lines  on  tiic  micrometer.  The  whole  field  of  view  need 
not  be  covered  with  Hues,  ua  shown  by  tlie  figures ;  but  a 
single  square,  or  even  the  exact  distance  of  any  two  or  more 
of  the  lines  of  the  micrometer,  together  with  a  [Miir  of  c*im- 
pBJwes,  will  be  all  that  ia  required.  It  nui<it,  however,  bo 
borne  in  mind,  that  when  the  size  of  nn  object  Is  ascertained 
by  the  aliove  method,  the  distance  between  the  camera 
and  the  table  must  be  always  the  eame ;  if  the  end  of  the 
com|>ouud  body  can'ving  the  camera  were  ever  ao  aliglilly 
raided  or  depressed,  tliero  w<iuld  be  either  an  increase  or 
diminution  of  the  value  of  the  squares  of  the  micrometer. 


CHAPTER  IV. 


ox  IHB  HETUODS  OF  ODTAININQ  THE  UAONIFTIKG  POWER 
OF  SHfOLE  AND  COHPOUNU  MICROSCOPES. 

TUE  method  of  estimating  tlie  magnifying  [mwcr,  either  of 
simple  or  compound  lenses,  is  to  compare  an  object  of  known 
size,  euch  as  a  micrometer,  seen  through  them  with  the  nearest 
distance  tliat  another  object,  al»o  of  known  size,  can  be  dis- 
tinctly »cen  at:  this  latter  distimcc  ia  termed  the  standard  of 
ilirttinct  vision,  and  with  it  all  the  magnifying  powers  arerxHU- 
pared.  All  opticians  of  the  prcacat  day  adopt  ten  inches  as 
a  standard ;  Sir  David  lirenstcr  adopts  tivc  inches.  In  tlm 
old  optical  works,  eight  inches  were  genendly  employed  as  tJ»e 
standard;  but  tlie  number  ten,  being  a  decimal,  will  be 
found  most  suitable  for  all  purposes.  With  this  deeimal 
sUmdard,  the  magnifying  power  of  leases,  of  any  focal  length, 
run  be  readily  detcnnined.  Thuf,  for  instanixs  if  the  lens 
under  examination  be  of  one  inch  focus,  wo  have  merely  to 
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aJil  a  cipher  to  the  denominator  of  the  fraction  which 
expreaacs  the  focal  length  of  the  lens^  and  the  result  vriW  he 
the  magnifying  power.  Thus,  if  the  lens  be  half  an  inch  in 
f{M2al  lenf^th,  the  magnifying  power  will  be  twenty  tliameten; 
if  one  quarter,  than  forty  diameters ;  and  if  one  inch,  then  ten 
diameters,  and  so  on.  When,  however,  the  focal  length  of  a 
lena  is  very  small,  it  becomes  a  difficult  taek  to  measure 
aeciiratcly  it8  distance  of  focns.  In  such  cases,  eaye  Mr. 
Eoaa,*  "  the  I>c8t  plan  to  obtain  the  focal  length  for  parallel 
or  nearly  parallel  rnya  is  to  view  the  image  of  some  distant 
object,  formed  by  tlic  lens  in  question,  throi^h  another  lens 
of  one  inch  solar  focal  lengtli,  keeping  both  eyea  open,  and 
com[iaring  the  image  prcBente<l  through  the  two  lenaes  with 
that  of  the  naked  eye.  The  proportion  between  the  two 
images  so  seen  will  be  the  focal  length  ret^uired.  Thus,  if  the 
image  seen  by  tlic  naked  eye  is  ten  times  as  lai^  as  that 
shown  by  the  lenses,  the  focal  lei^h  of  the  lens  in  question 
is  one-tenth  of  an  inch.  Tlie  panes  of  glaaa  in  a  window,  or 
courses  of  bricks  in  a  wall,  arc  convenient  objects  for  thia 
purpom.  In  which  ever  way  the  focal  length  of  iJie  lens  is  ^| 
ascertained,  the  rules  given  for  deducing  its  magnifying  power  ™ 
arc  not  rigorously  correct,  though  they  are  Bufticiently  eo  for 
fdl  practical  purposes,  particularly  as  the  whole  rests  on  an 
assumption^  in  regard  to  the  fot^  length  of  the  eye»  and  as 
it  docs  not  iu  any  way  affect  the  actual  measurement  of  the 
objecL" 

In  the  preceding  account,  we  liavc  estimated  tlic  magm. 
fying  power  in  diameters,  or  ncconling  to  the  measure  termed 
Unmr;  but  as  every  object  la  magnified  in  breadth  aa  well 
na  in  length,  it  follows  that,  if  it  were  drawn  as  broad  as  rt 
ia  long,  a  very  different  idea  of  its  measure  would  result : — 
thus,  suppoee  a,  in  fig.  148,  to  represent  an  object  of  its 
natural  size,  and  that  it  be  required  to  represent  the  same 
when  magnified  four  times  in  Icngtli  and  four  times  in  breadth, 
the  square  b  c  d  e  will  give  such  view;  and  if  this  be  compared 
with  the  original  object  o,  it  will  be  seen  that  there  are  sixteen 

Article  "  Micro»cr»pc"  Pchhi/  CgeiofMitia. 
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such  squares  contained  in  it.  This  mca- 
h  surcment,  wliich  ia  rarelj  used,  except  to 
ftfltonifh  the  piihlic,  is  ciiHod  the  super- 
jScial  ouignifying  power,  and  is  found 
by  squaring  the  linear,  or,  in  otiicf 
words,  by  multiplying  the  linear  by 
itaeif.  The  magnifying  power  of  single 
lossea,  like  the  value  of  the  diviaiona  in 
the  dificrent  kinds  of  micrometer,  may 


Fig.  148. 

be  set  down  in  a  tabular  form,  thus : — 


Focal  Icngtlu 

Lineu- 

Superficial 

io  Inches. 

Magnifying  Powor. 

3 

5 

25 

U 

6.6 

43.5 

10 

100 

13.3 

176.8 

20 

400 

40 

1600 

BO 

6400 

A 

100 

10000 

To  aw'crtain  the  magnifying  power  of  the  com|>ound  micro- 
scope, the  method  empluycil  is  the  same  as  that  profioscd  by 
H<x)ke,  in  his  Aficr(»frttphia^  ns  long  ago  as  1667,  and  before 
described  at  page  4;  it  is  thus  accomplished: — Place  on  the 
stage  of  the  microscope  n  micrometer  eitlier  of  glass,  ivory,  or 
motherK>f-pcarl,  divided  to  some  fraction  of  an  inch  {^^^  will 
answer  the  pur[>osc  for  all  tlie  lower  powers),  and,  at  ten  inches 
distant  from  the  eye,  hold  a  rule,  divided  into  tenthsof  an  inch, 
in  a  line  parallel  with  the  uucrumeter;  a  muguificr  and  eye- 
l^ece  being  adapted  to  the  comi>ound  body,  tlie  lines  on  the 
stage  micrometer  arc  to  be  brought  into  focus ;  if  now  the 
eye  not  employed  in  looking  through  the  cye-pieco  be  cast 
ad  it  were  down  on  the  rule,  the  micrometer  divisions,  and 
16* 
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thoac  on  the  rule,  will  be  M^en  at  one  and  the  Bame  tiror; 
and,  after  a  littlu  practice,  it  will  be  found  a  very  ea«y  matter 
to  count  how  many  diviaions  of  the  rule  are  covered  by  twii 
or  moi-e  of  the  micrometer.  Thus,  for  example,  6uppoee  that 
each  diTidon  of -p^^  of  an  inch  occupies  just  one  tncb  of 
the  rule,  the  magnifying  power  will  then  be  one  hundrvd 
times,  OB  jTjf  of  an  inch  is  made  as  lai^e  aa  one  inch ;  it"  the 
Bame  divUiuns,  either  with  another  object-^lasB  or  eyepiece, 
corre8|Mnd  to  one-and-a-half  inch  of  the  nJe,  then  the  power 
will  be  one  hundi-cd  and  fif^y  diameters.  The  mognifTii^ 
powers  of  the  different  object-glasses,  with  each  of  the  eye- 
piecec,  eliouki,  also,  for  conTcmence  of  reference,  be  set  down 
in  a  tabular  i'onn.  Mr.  Kosd  supplies  with  his  uucroficojMU 
a  tahlo  of  the  following  eonstniction,  having  appended  to 
it,  that  described  at  page  221,  with  the  value  of  the  dtviffloos 
of  the  eye-piece  micrometer  with  each  of  tlie  object-glaases. 
For  tho  use  of  those  who  have  draw-tubes  to  their  uicro- 
Bcopes,  another  colunm  might  he  added  to  denote  tlio  distances 
it  must  bo  drawn  out.  In  order  that  the  value  of  the  micrometer 
divisions  and  the  mjignifying  power  may  be  set  down  in  even 
numbers. 
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Mogniiy! 

ng  Powe 

r  of  Ihc  ObJect-gloMM  with  the  variotu 

Eye-gtun*. 

OBJBCT-Gt.Alun. 

1 

2  In. 

llD. 

iln. 

iln. 

iln. 

Ala. 

A 

20 

60 

100 

220 

420 

600 

B 

30 

80 

130 

350 

670 

870 

C 

40 

100 

180 

500 

900 

1400 

Several  other  methods,  besides  those  now  described,  hare 
been  from  time  to  time  adopted,  to  nscortain  the  magnifying 
power  of  the  rompounJ  mifroaciijtc;  but  as  none  are  so  accurate 
•a  that  of  Ilooke,  it  has  been  thought  unneceecary  to  describe 
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them.  The  value  of  the  (liviaionB  in  the  micrometer  scale 
and  tlie  magnUying  powers  of  tlie  diflcrent  ohject-glaaeea  are, 
in  most  cases,  sujiplied  by  the  maker  of  the  iustrumcut — they 
should  be  always  so;  hut  for  those  who  are  anxious  to  work 
the  atibjecta  out  for  tlicmsetves,  it  is  hoped  that  the  preceding 
directions  will  not  be  deemed  out  of  place. 

The  Ute  Mr.  Coventry  and  Sir  John  Barton  were  eclc- 
bratcd  for  ruling  micrometers  of  extreme  delieacy ;  some  of 
these,  still  extant,  have  as  many  as  ton  thousand  lines  ia  nn 
inch  ;  Mr.  George  Jaekeon,  a  gentleman  whose  name  has  been 
so  frequently  mentioned  in  connection  with  the  improvements 
in  Uie  meohaniral  arrangements  of  the  microscope,  has  also 
paid  considerable  attention  to  this  subject,  and  haa  succeedoil 
in  ruling  ten  tliousand  lines  in  an  inch,  and  in  erostiing  tliesc 
at  right  angles  with  otliers  precisely  the  same  distance  apart, 
so  that  a  series  of  squares  arc  formed,  each  having  a  sujier- 
liciul  area  of  the  one  hundred  millionth  of  nn  inch.  These 
arc  very  remarkable  as  specimens  of  skill,  but  arc  far  too 
minute,  cither  for  measuring  the  magnifying  power  of  nn 
instrument  or  the  value  of  an  eye-piece  micrometer. 

In  England,  microeeopists  are  in  the  habit  of  sotting  down 
the  measurements  made  by  micrometers  eitlier  in  inches,  or 
in  fractional  or  decimal  ports  of  nn  in<rfi ;  but  in  France,  and 
some  other  parte  of  the  coutiucnt,  either  a  line  ur  millimetro, 
and  fractional  divisions  of  the  same,  are  employed  for  a  like 
purpose.  For  the  convenience  of  those  who  may  wish  tu 
comi>arc  foreign  measures  of  length  with  our  own,  the  follow- 
ing tables  hare  been  drawn  up,  together  with  directions  for 
converting  either  English  inches,  or  parts  of  an  inch,  into  lines 
or  miUimctrcs,  or  these  last  into  Engliah  measures. 


Parts  of  an  English  Inrh. 

A  Para  lloe   —    .08881A  or  ^of  tn  Easlieb  inch. 
A  metre  >»  39.37100  ioches  Cuglish,  or  3.S6I  feet 

A  centimetre  ^      ^937 1      .,      or  a  little  Icm  thui  |  of  ui  inch . 
I-A  miUimetre  *-    .039371      ^      or  «  litUe  Ices  than  ^  ofsn  inch. 
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To  convert  Paris  Linea  into  English  Measttre. 

Multiply  the  numerator  of  the  fraction  -^  by  the  oranlwr- 
of  Paris  liucs  stated,  or  di\-iile  the  dcnoounator  of  the  frnctioa 
bj  the  fame  number,  or  multiply  the  number  .088815  by  th« 
number  of  lines  and  ports  of  the  same. 

To  concert  MilUmttres  into  EngKth  Measure, 

Multiply  the  number  .039371  by  the  number  of  mil 
and  |)arts  of  the  sainc,  the  quotlcDi  will  be  the  equivalent 
measure  in  decimal  parts  of  tl)e  English  inch. 

The  line  is  onen  made  use  of  in  scientific  works  in  tbij 
country ;  but  as  no  two  persons  are  agreed  as  to  wliether  its 
value  is  the  one-tenth  or  onc-twcIiUi  of  on  inch,  it  fuUuws 
tlwt,  in  all  measures  in  which  it  is  employed,  the  wXoit 
iittjiched  to  it  sliould  be  stated;  if  the  Paris  line  be  tbc  one 
adoptetl,  neither  the  one-tenth  or  one-twelfth  of  an  KngHih 
inch  is  its  correct  viUue>  although  the  latter  number  coeom 
nearest  the  truth. 
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CH^U'TER  V. 


CAUEUA    LUCIDA. 

The  camera  luoida,  before  descnbud  at  page  144,  wa«  invented 
by  WoUaston  in  1807.     It  coneista  of  a  four-eided  prism 

glass,  as  represented  in  h 
tion  by  fig.  149,  the  sidev  and 
tingles  being  similar  to  thoM 
shown  by  A  B  C  I).    The  ray« 
of  light  proceeding  from  an  ob- 
ject, M  N,  after  being  reflected 
by  the  faces,  D  C,  C  B  to  the      ^ 
eye  will  be  referred  by  an  ob-  ^| 
Hcrver  to  m  n,  and  an  image  " 
of   the  object  will  be    there   


Fi};.  149. 
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seen,  and  if  ft  piece  of  white  paper  be  placed  there  the 
iiuo^  will  appear  to  be  on  it.  The  prism  is  generally  set  id 
a  frame  of  brass,  in  the  manner  exhibited  by  fig-  99.  »U 
parts  of  it  being  covered  over  except  the  side  next  the  eye- 
piece and  a  small  portion  of  the  edge  to  which  the  eye  is  to  be 
appUc<] ;  tlie  frame  ia  ca|»ablc  of  being  adapted  to  cither  of  the 
eye-pieces  by  a  sliort  tube.  The  priura  itself  has  two  slight 
adjustments,  one  to  bring  its  up(>er  face  horizontal,  and  the 
other  to  make  the  image  of  the  object  fall  flut  on  the  paper 
on  wliich  it  is  to  be  di'awn.  A  lens  is  generally  placed  imder 
the  camera,  in  order  that  Uie  rays  of  light  from  tlie  pencil 
employed  in  sketching  and  the  object  itwlf  may  be  seen  under 
the  same  angle.  Several  amtrivances  have  been  had  recourse 
to,  in  oi'dcr  to  simplify  certain  difficulties  that 
arise  in  the  use  of  tills  instrument ;  one  of  tliese 
plans  is  shown  in  section  by  fig.  150,  and  con- 
sists of  a  mirror,  &1,  composed  of  a  thin  piece 
of  dark  coloured  glass  cemented  to  a  piece  of 
plate  glass,  inclined  at  nn  angle  of  45^,  in  front 
of  the  first  lens  of  the  eye-piece,  E.  The  light 
escaping  from  the  object,  through  the  lens,  E, 
is  assisted  in  its  reflection  upwards  to  the  eye 
by  the  dark  glass ;  and  this,  saya  Mr.  Roes,* 
**  effects  a  furtlier  useful  purpose  of  rendering  the  paper  less 
brilliant;  and  thus  enabling  tlie  eye  better  to  see  the  reflected 
image."  If  required,  a  double  coovex  lens, 
L»  may  be  placed  beneath  the  mirror,  as  in 
the  case  of  the  prism.  The  polished  steel 
disc,  the  invention  of  Soemmering,  before 
described  at  page  145,  may  be  employcil  as  a 
substitute  for  the  camcm.  over  which  it  la 
eaid  to  have  some  few  advantages, 
r    Y    /  "^        Mr.  Powell   supplies  with   some   of  Ws 

J    I  microscopes  an  apparatus  repreat-nted  In  fig. 

<ZL_ ^    151;  it  consists  of  a  plate  of  neutral  tint 

glass  fitted  in  a  frame,  and  so  mounted  as  to 
be  capable  of  being  applied  to  the  eye-piece; 
*  Article  ''Micnwcopcs"  Pfjuijf  Cifclnptrdia. 


Fig.  IfiO. 
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with  thie  instmment  there  U  ao  difficulty  in  eemn^  the  object^ 
and  pencil,  but  the  pnpcr  mufft  be  shielded  from  the  light.  f 

M.  Nachct  has  contrived  an  excellent  camera  lacida,  in 
whieli  the  rays  undergo  one  reflection  only,  and  as  hia  micm- 
acojtes  do  not  incline,  the  jHipcr  on  which  the  dtawing  is  to  be 
made  is  placed  on  a  small  desk  in  front  of  the  obeonrer.  Tlic 
camera,  and  mode  of  attaching  it  to  the  eye-piece,  are  repn- 
aented  by  V  in  6g.  152/  and  a  eection  of  the  camera  by  p  r,  and 


'./ 
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of  the  deak  c,  together  with  the  course  of  one  ray  of  light,  by 
X  o  r  a.  Where  this  camera  is  employed,  it  is  not  Tirrrfinn 
to  keep  tlie  coinpouud  body  in  a  vertical  poedtioo ;  the  camera 
allowing  of  its  being  inclined  at  an  angle  of  45".  the  paper  con 
be  laid  on  the  table,  and  tlie  drawing  made  in  the  usual  way  ; 
by  lliid  arrangement  the  field  of  view  will  be  of  mucJi  larger 
dimeninonB  than  where  the  body  is  place<l  horizoDtidlv. 

Meihofl  of  usinff  th*   Camera  Lucida  with  ike  Microscope. 

The  first  step  to  be  taken  after  the  object  about  to  be  drawn 
has  been  properly  illuminated,  swljustcd,  and  brought  into  the 
centre  of  the  field  of  view,  is  to  place  the  compound  body  of 
the  microscope  in  a  horizontal  position,  and  to  fix  it  theiv. 

*  Robin — Sur  le  Microscope. 
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The  cap  of  the  cyc-piece  hftTing  bocn  removed,  the  camera  is 
to  be  slid  on  in  its  atead ;  if  tlic  prism  be  properly  adjusted,  a 
drde  of  white  light,  with  the  object  witliin  it,  will  be  seen  on 
a  piece  of  white  paper  placed  on  the  table  immediately  under 
the  camera^  wlicu  the  eye  of  the  oLiiener  is  placed  orer  the 
uncOTerod  edge  of  the  prism,  and  ita  axis  directed  towards 
the  [)iii>cr  on  tlie  table.  Shonld,  however,  the  field  of  view 
be  only  in  part  illuminated,  the  priitm  must  cither  be  ttuncd 
round  on  the  eye-piece,  or  be  rcrolved  on  its  axis,  by  the 
sorewB  affixed  to  its  frame-work,  until  the  entire  field  is  illu- 
minated. The  next  step  is  to  pnxnire  a  hard,  aharp-point^l 
pencH,  which,  in  onlcr  tu  be  well  seen,  may  be  blackened 
with  ink  round  the  point,  the  obaerver  is  then  to  bring  his 
eye  so  near  the  edge  of  the  prism,  that  he  may  be  able  to  sec 
on  the  paper,  at  one  and  the  same  time,  the  pencil  point 
and  the  image  of  the  object;  when  ho  haa  accomplished  thia, 
the  pencil  may  he  moved  along  the  outline  of  the  image  so  as 
to  trace  it  on  the  paper ;  however  easy  this  may  appear  in 
description,  it  will  be  found  very  difficult  in  practice,  and 
the  observer  most  not  be  foiled  in  his  first  attempts,  but  must 
persevere  until  he  accomplishes  his  purpose.  Sometimes  ho 
will  find  tliat  he  can  sec  the  i»cncU  point,  and  all  at  oucc  it 
disappears;  this  Iiappens  from  the  movement  of  the  axis  of 
the  eye ;  the  phin  then  ia  to  keep  the  pencil  upon  the  paper, 
and  to  move  about  the  eye  until  the  jx'nril  is  n^in  seen, 
when  the  eye  is  to  be  kept  steadfastly  fixed  in  the  same 
position  until  the  entire  outline  is  traced.  It  will  be  found 
the  best  plan  for  the  beginner  to  employ,  at  first,  an  inch 
object-glaM,  and  some  object,  such  as  a  piece  of  moss,  that 
has  a  well-defined  outline,  and  to  make  many  tracings,  and 
examine  how  nearly  they  agree  with  each  other,  and,  when 
he  lias  succeeded  to  his  liking,  he  may  then  take  a  more 
complicated  subject  If  the  operation  be  conducted  by  lamj)- 
light,  it  will  he  found  very  advantageous  not  to  illuminato 
the  object  too  much,  but  rather  to  illaminate  the  paper  on 
wluch  the  sketch  is  to  be  made,  either  by  means  of  the  lamp 
with  tlic  condensing  lens,  or  a  small  taper  placed  near  it. 
When  the  object  is  ao  complicated  that  too  much  time  would 
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be  required  for  it  to  be  completed  at  aa«  nttii^  tbe 
abould  be  fixed  to  ilic  table  hy  a  weight  car  cm  a  board  br 
drawing-pins.  An  excellent  plan  to  adopt  is  to  fix  tli* 
nucro8cu[)e  on  a  piece  of  deal  about  two  feet  in  lei^tfa  mad 
one  foot  in  breadth,  and  to  pin  the  paper  to  the  same ;  tfaeiv 
will  then  be  no  risk  of  the  slutting  of  the  paper,  as  when  tiie 
wood  is  moved,  both  microscope  and  paper  will  move  wiUi  it. 

In  all  sketches  made  by  the  camciu,  certiun  things  mast 
be  borne  in  mind ;  the  cje,  when  oucc  applied  to  it,  aboold  be 
kept  steadily  fixed  iu  one  putiititm,  and  if  the  sketches  aie  to 
be  reserved  for  comjmrieon  witli  others,  tlie  distance  between 
tlie  jraper  and  the  camera  should  be  alwayi  tbe  same.  A 
short  rule  or  a  piece  of  wood  may  be  placed  between  the  paper 
and  the  under  surface  either  of  the  compound  body  or  the  ann 
supporting  it,  in  order  to  regidate  the  distance,  unless  the  joint 
be  furnished  with  a  stop,  as  the  eize  of  the  drawing  made  by 
tlie  ciuucra  will  depcud  upon  the  distance  between  it  and  the 
pi4>or.  It  is  also  very  desirable,  before  the  camera  is  nusoovedt 
to  make  a  tracing  in  some  part  of  the  paper  of  two  or  more  of 
the  divisions  of  the  stage  micrometer,  in  order  that  they  may 
form  a  guide  to  the  measurement  of  all  parts  of  the  object. 
Some  persons  cover  the  whole  of  the  drawing  over  with 
Mjuarcs,  to  facilitate  nut  only  the  measurement,  but  in  order 
that  »  larger  or  smaller  drawing  may  he  made  from  It  than 
that  given  by  the  camera.  It  must  be  recollected  tliat  an 
accurate  outline  is  the  only  tiling  the  camera  will  give,  the 
finishing  of  tlie  picture  will  depend  entirely  upon  the  ekiU  od* 
tJie  artiiit  himself. 

Utrs  to  which  the  Camera  Lucida  may  he  applied. — Bendoe 
the  valuable  assistance  rendered  to  the  dranghtsman  by 
thin  in«tnimcnt,  its  application  to  micrometry  is  also  of  no 
tiiuiii  utility  \  the  mctltod  before  described  at  |>age  223,  will 
answer  for  all  pur^wecB.  If  it  be  required  to  make  a  very 
large  but  accurate  diagram  of  any  microecopic  object,  a  true 
outline  of  it  may  be  drawn  by  following  these  direction*.  A 
large  sheet  of  paper,  attached  by  pins  to  a  drawing-board, 
having  been  laid  on  the  floor,  and  the  microscope  placed  hori- 
aontallyf  with  its  compound  body  projecting  as  far  over  the 
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table  aa  possible,  and  the  object  and  camera  haring  been  pn>- 
perly  atljusted,  a  j)cncil  fastened  into  a  long  piece  ol'  Uglit 
ht^low  cane  unut  Uien  be  provided,  and  tlie  artist,  either  stand- 
ing or  fdtting,  and  looking  don-n  tlirough  the  camera,  will  see 
the  image  on  tlie  pajwr,  and  after  a  little  practice  will  be  able 
to  trace  its  outline  as  easily  as  when  the  paper  was  placed  on 
the  t^lc  only  a  few  inches  below  it.  Another  way  of  effecting 
the  Bune  end  is  shown  in  Rg.  153,  which  is  tliat  of  plnclng  the 
tracing,  M  N,  made  from  the  miacroscope  by  the  camera  ns  an 
object  for  another  camera,  r,  of  the  kiud  employed  by  artists 
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for  making  aketches  of  landscapes :  Uiis  being  fastened  to  thtf 
tubltf  D,  by  tlu;  Hcrew,  />,  and  tlic  objcctt  M  N,  set  up  in  Trout 
of  it,  on  aocumie  outline  on  a  liu^er  ecalc,  M'  N',  can  then  be 
uiade  on  the  floor,  as  In  the  preceding  method ;  the  pencil,  V, 
with  a  long  handle^  F,  being  held  by  the  liand,  ?T,  the  artist 
standing  either  in  fVont  or  on  one  eido  of  the  camera,  tad 
applying  hia  eye  to  it  aa  at  E.     The  alec  of  tlie  picture  will, 
like  all  others  made  by  the  camera,  depend  on  the  reJative  iHs- 
tance  between  the  object  and  the  paper.     It  will,  however,  be 
foiuid  in  practice,  that  about  four  feet  will  be  the  utmoet  limit 
of  the  space  between  e  and  P  to  allow  of  the  pencil  being 
uacd  with  any  advantage.     In  this  case  a  lena  must  bo  placed 
at  r,  before  the  prism,  suited  to  make  the  object  appear  just 
M  far  aa  the  floor. 


CnATTEB  VI. 

ON  TlIK  POLARIZATION  OF  LIGHT. 


Oriffin  of  the  Term. — •*  If,"  saya  Sir  D.  Brewster,*  "  we 
transtnit  a  beam  of  the  eun*s  light  through  a  circular  aperture 
into  a  dark  room,  and  if  we  reflect  it  from  any  crystolKxed  or 
uncrystalUzed  body,  or  tmnsmit  it  through  a  thin  plate  of 
cither  of  them,  it  will  be  reflected  and  tmnHmittcd  in  Uie  very 
same  manner,  and  with  the  same  intensity,  whether  the  surfltcc 
of  the  body  is  held  above  or  below  the  beam,  or  on  tlic  right 
side  or  lefi,  or  on  any  other  side  of  it,  provided  that  in  aJl 
thefie  cases  it  falls  upon  the  surface  in  the  eame  manner,  or, 
what  amoimta  to  the  same  thing,  tlie  beam  of  solar  light  has 
the  same  properties  on  all  ita  mlcs,  and  this  is  tnic  of  light 
emitted  from  candles  or  any  luminous  bodies,  and  all  such 
tight  is  called  rommon  liffht"  But  if  the  same  light  be  allowed 
either  to  full  upon  a  rhomb  of  Iceland  spar,  or  upon  a  plate  of 

*  TrMiit  on  Optie*t  p«fc  1A7. 
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gloas  at  tlie  angle  of  incidence  of  56°,  aa  waa  first  Jiacovercd 
by  Malm  in  1608^  the  two  rays  or  beams  into  which  it  is 
separated  will  have  difTcrent  properties  on  different  aides,  and 
in  the  case  of  the  glass,  6upjH>:jiirig  wc  hold  anotiier  plate  of 
gUss  over  the  first,  it  will  be  found  that  the  reflected  ray  will 
pass  through  it  when  held  in  some  positions,  and  not  in  others: 
if  the  glass  he  turned  round  witliuut  altering  ita  angle  to  the 
horizon,  the  light  will  be  reflected  in  one  quarter,  transmitted 
in  a  second  quarter,  reflected  again  in  the  third,  and  when  the 
circle  is  completed  it  will  be  again  transmitted ;  that  is,  a  beam 
of  liglit  lias  acquired  the  property  of  sides,  on  two  of  which  it 
can,  and  un  tlic  other  two  it  cannot  be  reflected ;  and  as  these 
properties  bear  some  analogy  to  the  poles  of  a  magnet,  a  ray 
of  light  ao  modified  is  said  to  be  pohrizetL  In  the  case  of  the 
Icclanil  spar  the  polarization  is  cfTect-cd  by  double  refraction, 
but  in  that  of  glass  by  reflection  and  transmission,  in  unler 
to  explain  the  polarization  by  reflection  from  glass,  the 
I4>paratus  represented  by  flg.   Idl  has  been  contrived:    it 
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Fig.  154. 

consists  of  two  tubes  of  wood,  D  C ;  C  having  at  one  end  a 
plate  of  glass,  A,  capable  of  bung  tumcil  round  an  axis,  ao 
that  it  may  form  different  angles  with  the  axis  of  the  tube ; 
another  tube,  D,  a  little  larger  than  C,  canning  &  similar 
piece  of  glass,  B,  is  made  to  fit  over  it,  so  that  by  turning 
cither  of  the  tubes  the  two  plates  may  be  placed  in  any 
position  in  relation  to  one  another. 

If  a  beam  of  light,  r  *,  be  allowed  to  fall  upon  A  at  the 
polarizing  angle  of  56^  45',  It  will  be  reflected  through  the 
tubes  and  will  fall  upon  the  second  plate,  B ;  if  this  plate  be 
also  placed  at  the  angle  of  5B°  45',  and  the  tube  to  which  it  i» 
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attached  be  turned  round  so  that  it  occii{Hes  the 
represented  by  the  figure,  the  ray,  r  ^  will  be  reflected  to  E; 
if  the  tube  be  agtun  turned  slowly  round,  the  light  will  be 
found  to  psss  through  the  plate  when  it  hag  arrived  at  » 
distance  of  90''  from  the  otarting  point;  if  the  tube  bo  tonwd 
again,  tlic  light  will  get  more  and  more  faint  until  another  90^ 
are  arrived  at,  when  the  ray  will  undergo  total  reflection;  and 
00  will  the  changed  take  place  at  every  quadrant  until  the 
fitarting  point  \b  again  reached,  the  ray,  r  jr,  beii^  alternately 
reflected  and  traitsmittcd.  For  the  purpose  of  polaruing  light, 
various  subutances  have,  from  time  to  time,  been  em^oyed ; 
amongst  the  moat  lueful  for  Uie  microscope  will  be  foond 
either  gloMi,  blackened  on  one  side,  or  a  bundle  of  thin  glus 
platen,  a  crystal  of  Iceland  spar,  or  a  crystalline  minenl 
tenned  tounnidino.  It  would  be  foreign  to  our  purpooe  hen 
to  enter  into  any  of  tlie  numerous  theories  that  have  bees 
broached,  to  account  for  the  above  described  phenomena;  for 
tliese  the  reader  is  referred  to  Uie  works  that  are  specially 
devoted  to  the  subject ;  but  as  one  of  the  principal  objecia  of 
this  treatise  is  to  teach  tlio6c  who  arc  uninitiated  in  raicro- 
eoopic  science,  tlic  use  of  the  various  lands  of  apparatus  tup- 
plied  with  the  best  achromatic  microscopes,  wc  will  only  take 
notice  of  thoac  polarizing  instruments  which,  when  applied  to 
the  microscope,  liave  been  found  neceapary,  in  order  to  aid  the 
observer  in  his  investigations  into  the  structure  of  organic  ood 
inorganic  subetances. 

The  polarizing  apparatus  most  useful  to  the  mJcroscopiet 
has  been  already  described  at  page  121  ;  it  consists,  aa  aliowu 
in  figs.  67  and  68,  of  two  prisms  lii'  calcareous  spar,  constructed 
after  the  plan  of  Mr.  Nicol,  of  Edinbui-gh,  who  employe*!  for 
the  purpose  a  rhomb  of  the  spar  divided  into  two  equal  por- 
tions, in  a  plane  passing  through  the  acute  lateral  aoglee,  and 
nearly  touching  the  obtuse  solid  angles.  The  cut  suriaces, 
having  been  carefully  polished,  were  then  cemented  together 
with  Canada  balsam,  so  as  to  form  a  rhomb  of  nearly  the  some 
size  and  shape  as  it  was  before  the  cutting ;  by  this  arrange- 
ment only  one  of  the  two  rays  into  which  a  beam  of  ordioarj- 
light  jHisaing  tliroiigh  a  rhomb  of  this  s|iar  would  be  separated 
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is  tranamittcdy  the  other  being  rendered  too  diver^nt;  hence 
it  has  received  the  name  of  the  tingle  intake  prism.  Two  of 
these  muat  be  provided,  one  to  be  adaptc<l  to  the  under 
eurfaoe  of  the  stage,  and  termed  tlie  pofarizer,  oe  showii  by 
fig.  66,  whilst  tlie  other,  called  the  analyser,  ie  placed  above 
the  cye-gla68.  To  effect  tl>e  tuuue  purjMMe,  some  pereons 
employ  a  bundle  of  glass  plates  as  a  polarizer,  and  a  tourma- 
line as  an  analyzer;  but  the  colour  of  the  latter  la  often  ob- 
jectionable in  the  compound  microscope,  where  everything 
that  will  diiuiniiih  the  hnghtness  of  the  light  and  brilliancy  of 
the  colours  should  be  avoided.  It  will  he  found  that  a  tour- 
maliue  of  a  neutral  tint  forms  an  excellent  analyzer,  having 
one  great  advantage,  viz.,  that  when  placed  over  the  eye- 
piece, the  field  of  view  is  not  contracted  as  it  is  when  a  Kicol'a 
pri«m  ia  employed.  "  The  best  tourmaliue  to  choose,"  says 
Mr.  Woodward,*  "  is  (he  one  that  stops  the  most  light  when 
its  axis  ia  at  right  angles  to  that  of  the  polarizer,  and  yet 
admits  the  niopt  when  in  the  same  plane." 

In  order  to  illustrate  some  of  the  most  striking  phenomena 
of  polarized  light  in  a  very  simple  way,  by  the  aohromatia 
comiKJund  microacope,  the  ap]taratus  consisting  of  two  prisma 
and  a  film  of  selenite,  as  described  at  page  121,  will  be  nearly 
all  that  will  be  required  as  well  as  for  the  examination  of 
minute  animal,  vegetable,  and  mineral  structures ;  we  will, 
therefore,  proceed  at  oucc  to  tlic  application  of  the  same. 

Method  of  juiny  the  Polarizing  Apparatus* — The  polarizing 
prism  representcfl  by  figs.  66,  67,  and  68,  having  been  adapted 
to  the  under  surface  of  the  stage,  citlicr  another  prism  or  a 
plate  of  tourmaline  is  to  be  placed  over  the  eye-piece,  or  in 
the  end  of  tJic  draw-tube,  aa  shown  by  fig.  75,  and  the  light 
having  been  reflected  through  them  by  the  mirror,  the  step 
that  next  becomes  necessary  is  to  make  the  axes  of  the  two 
prisms  coincide:  tliis  is  done  by  revolving  either  the  upper  or 
lower  one,  and  noticing  whether,  in  some  i)08itiuus,  the  Ught 
is  completely  cut  off,  and  in  others  wholly  transmitted ;  if  the 
field  of  view  be  not  darkened  twice  during  one  revolution  of 

*  Familiar  Jntrotiuftion  to  Ike  Study  nf  Potarized  Light.  Second 
KUili'jn.     Page  35. 
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the  priem,  the  axes  do  not  oorreepond;  to  remedy  thi*,  the 
compound  body  (if  capable  of  being  turned  away  from  the 
eto^e,  as  in  Mr.  Rotie'e  and  Mr.  Powell's  inatrumeuts,)  must  be 
ehitlcd  either  to  the  right  or  the  leH   uatil   tliis  point  is 
attained.     If  now  a  Uiiu  plate  of  selenlte,  or  other  doubly 
refracting  crystal,  be  placed  on  the  stage,  and  be  brought  into 
the  focua  of  the   object-glasfi>   and  the  light   be    caused   Co 
pus  through  the  prisms,  the  selenitc  will  produce  a  colour 
according  to   lU   thickness:    if  one  of  the   prisms  be  now 
revolved   slowly,  we  aliall  find  that  more  and   more  l%fa( 
will  be  transmitted,  but  the  intensity  of  the  colour  will  be 
diminished,  and   when   a  quarter  of  a  revolution  hoa   been 
aoconiplishcd  the  brilliancy  of  the  colour  will  rc-appear;  bot 
what  wafi  orij^inally  red  will  become  green,  and  the  green  will 
again  become  red  at  a  second  quarter  of  a  revolution.     If  the 
selenite  be  removed,  and  8<ime  very  thin  cr)'stals  of  sulphate 
of  copper,  tATtaric   acid,   or  one   of    the  other  fiufaetauiou 
presently  to  be  cnmnerated,  be  substituted  for  it,   a  most 
gorgeous  set  of  colours  will  be  seen ;  and  as  the   prism  id 
being  revolved,  the  esanc  alternations  of  retU  and  greens  will 
take  place  oe  with  the  selenite.     If,  however,  a  piece  of  glue, 
with  some  perfect  crystals  of  iodide  of  potosfflura  or  common 
tudt  ujiou  it,  be  ])luced  under  the  some  conditions,  neither  the 
light  nor  the  colours  will   be  seen :   hence  bodies  may  be 
divided  luto  those  that  jKtlarize  and  those  that  do  not  jHiIaiiEe; 
to  the  latter  class  belong  the  iodide  of  potassium  and  cnypnwa 
salt  just   named.    The   primitive   form  of  crystal   of  these 
substances  is  the  cube,  and  it  U:i»  been  found,  by  experiment, 
that  these  crystals,   not  po!>«e65lng  the  property  of  double 
refraction,  do  not  exhibit  colour  when  placed  between  the 
prisma ;   but  by  far  the  greater  number  of  other  crystoUiDe 
bodies  possess  this  property,  which  Is  essential  to  the  production 
of  colour.     One  of  these  last  nui-tt,  therefore,  be  choeen  in 
onler  to  exhibit  colours;  but  it  happens  that  there  is  one  part 
or  axis  of  the  crystal  in  which  the  property  of  double  refractioQ 
docs  not  exist;  this  ih  called  the  axis  of  [no]  double  refraction : 
in  some  crystals  there  arc  two  such  axes.     In  oilier  IknUcs 
tliere  are  certain  planes  along  which,  if  the  refracted  ruy 
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pftseca,  it  experiences  no  double  refraction ;  Uiia  is  termed  the 
neutral  axifl,  ami  no  colour  will  be  produced  around  tt  when 
polarized  llgliL  paascs  through  the  crystal  in  the  direction  ol' 
this  axis. 

Sonie  persons,  at  the  suggestion  of  Sir  David  Brewster, 
employ  a  rlmiub  of  Iceland  Rptix'  fur  an  analyzer,  instead  of  a 
Nicole  prism;  this  should  be  so  thick  (when  the  sclenitc  is 
placed  on  tlic  stage)  as  to  separate  Uic  complementary  colours 
by  double  rc&action;  and  in  order  to  protect  tho  rhomb 
from  acnitchet!,  a  plato  of  thin  glass  should  bo  cemented  to 
two  of  its  surfaces ;  with  this  prism  as  an  analyzer,  and  with 
one  of  Nicol's  as  a  polarizer,  a  film  of  aelenite  of  umfonn 
thickness,  and  with  a  brass  plate,  three  inches  by  one,  per- 
forated with  a  series  of  Bmall  Iiolcut,  from  the  one-sixteenth  to 
tho  one-fourth  of  an  inch  in  diameter,  a  variety  of  interesting 
phenomena  may  he  exhibited,  as  described  by  Mr.  M.  S.  Lcgg, 
in  tlie  Trarwirtimis  oftite  MicrMCifpical  S(Hr{cti/.*  If  the  brass 
plate  be  placed  on  the  stage,  with  the  smallest  hole  in  the  field 
of  view,  and  an  inch  object-ghiss  be  employed  as  the  magnifier, 
the  rhomb,  when  placed  uvcr  the   eye-piece,  will  give  two 

images  of  the  aper- 
ture, OS  in  fig.  I5-I, 
rt.  If  Llie  cyo-pieee 
be  now  tamed,  tlic 
images  will  describe  a 
eircle;  and  if  a  larger 
a[>urture  be  brought 
into  llic  field  of  view, 
U»c  images  will  ovcr- 
*"'«•  *^-  Ui»,  as  gliowu  in  fig. 

154,6andc.  If  the  Nicol's  prism  be  now  adapted  to  the  under 
surface  of  the  stage,  and  the  eye-piece  revolved,  it  will  be  found 
tliat  in  certain  parts  of  the  revolution  there  will  be  two  images, 
whilst  iu  others  there  will  be  only  one,  fig.  155,  abed.  If  now 
a  film  of  selenitc  of  a  certain  thickncsH  be  placed  underneath  the 
brass  plate,  the  apertures  will  be  coloured  red  and  green,  fig. 
154,  a*  6^  r',  and  if  the  eye-piece  be  revolved,  at  every  qiiaitcr 

♦  VuL  U.,  p«rt  ii. 
10 
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of  tJte  circle  the  colutirs  nriU  be  seea  to  change  albenwtelj 
from  red  to  green,  and  from  green  to  rod,  fig,  155,  afh'id- 
If  the  bram  be  slkl  along  bo  aa  to  bring  the  two  bu^geM  ftpc^' 
turca  into  focua,  the  imager  will  overlap,  and  where  tber  dt 
BO  white  light  will  be  produced,  aa  shown  in  fig.  154»  H  ^- 

Fig.  ISS. 

The  experimenta  may  be  varied  by  employing  two 
refracting  crystals,  placed  one  over  the  other, and  by  rei 
the  Nicol'tn  prittm,  but  retaining  the  brow  plate  on  the 
two  distinct  images  will  then  be  eccn,  but  at  twice  the  original 
distance  from  each  otlicr,  aa  in  fig.    156,  a.     If  the  crystal 


Fig.  156. 

nearest  the  eye  be  turned  from  left  to  right,  two  faint  images 
will  appear;  continuing  the  revolution^  the  four  imngoB  will 
be  cipiolly  luminous,  and  when  the  cr^'Stal  has  been  turned 
roimd  90°,  there  will  be  only  two  images  of  equal  brightness; 
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juing  the  turn,  two  other  faint  images  will  appear ;  far- 
t  on,  four  imagea  of  equal  brigtitnesei,  and  at  1 80"  they  will 
.  ^  coalesce  into  one  bright  imn^e,  r. 

If  H  6Im  of  Hvlenite  ho  j))accd  between  tlie  two  crystals,  wc 
shall  sec  three  coloured  images  instcwl  of  two  coloiu*lesB  ones, 
fig.  156,  «';  of  tlje  three,  the  two  outer  may  be  green,  the 
middle  red.  By  timiing  the  crj'atal  nearest  the  eye,  the 
middle  image  will  gradually  divide  until  tlic  completion  of  the 
quarter  of  a  revolution,  when  four  imaged  will  appear,  as  at  A', 
two  being  red,  the  other  two  green;  revolve  the  cryetal 
another  quarter  of  a  circle,  the  three  images,  aa  at  c',  will 
re-appcar,  but  with  different  properties — the  two  outer  bein|f 
now  red,  and  the  middle  green;  at  another  quarter  four 
images  will  be  seen,  also  witli  their  colours  reversed,  as  at  d\ 
and  at  the  completion  of  the  circle  the  origiiud  appearance 
will  again  occur. 

Wlicnevcr  polarized  light  passes  through  certain  crys- 
tals in  the  direction  of  the  optic  axis,  a  series  of  beau- 
tifully coloured  rings  will  be  seen.  Certain  angles  of 
any  ^ven  crystal  must  be  ground  down  to  a  plnne  sur- 
fiac*  and  bo  polished,  in  order  to  exhibit  the  nogs;  when 
this  is  accomplished,  there  will  be  found  in  some  positions 
of  the  analyzing  prism  a  black  cross,  with  a  scries  of 
rings  around  it,  and  in  others  a  white  cross,  with  the 
colours  of  the  rings  reversed.  In  crystals  having  two  axe« 
of  double  refraction,  a  double  system  of  rings  will  be  seen. 
Nitre  is  a  beautiful  instance  of  this  kind,  and  a  transverse 
section  of  a  prism  of  this  substance,  when  ground  down  and 
polished,  will,  with  polarized  light,  exhibit  the  double  system 
of  rings;  but  if  the  prism  be  ground  in  some  other  directions^ 
coloiy  will  be  product  ;  hence  it  l>ecomcs  necessary,  in  order 
to  exhibit  the  phenomena  of  colour,  to  have  crystals  cut  either 
in  the  direction  of  tlic  axis  of  double  re&actton,  or  in  a  plane 
inclined  at  certain  angles  to  it.  But  when  the  same  snb- 
stances,  in  a  state  of  solution,  are  crystallized  on  glass,  it 
frequently  happens  that  many  of  the  crystals  will  be  arranged 
with  their  axes  of  double  refraction  in  the  direction  of  the  beam 
of  polarized  light ;  all  such,  therefore,  will  exhibit  coloure,  as 
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will  those  also  in  which  tho  thickness  of  the  crystal  is  k** 
below  a  certain  standard,  thia  for  the  sclenite  ia  the  -00046  t^ 
an  inch;  the  red  colour  ia  always  producorl  by  the  thidcfft 
filnw,  the  violet  by  the  thinnest.  It  must,  however,  bo  bane 
in  mind  that  tlie  red  and  green  are  always  c»iDpI«mentBiy  to 
eacli  other,  or  together  make  white  light. 

The  cjchibitiim  on  a  screen  ot'  the  coloured  rinpi  in  cryftali 
cut  at  right  angles  to  their  crystallographical  axes,  wad  fint 
effected  by  Mr.  Woodward,  by  the  gas  j»olu,risooj)e ;  lh» 
crystal  having  been  placed  witliin  tlie  fucus  of  a  Icn^s  of  bnr 
power,  and  a  tourmaline  used  aa  an  analyzer.  Mr.  1a^ 
has  successfully  effected  tlic  same  results  by  the  arhmmaiic 
cum]>ound  mitToecope,  and  in  order  to  afford  no  additioml 
means  of  invcstiguting  these  phenomena,  he  rccotmiiends  tlie 
use  of  the  erector,  before  described  at  page  126,  by  which  the 
microscope  is  converted  into  a  telescope  of  low  power.  When 
the  Nicors  ]iri8m  is  used  as  a  [>olHrizer,  the  field  of  view  will 
bo  too  much  limited  for  the  action  of  the  erector;  in  theie 
cases  it  will  be  advisable  to  employ  a  bundle  of  Uiin  glass  plates; 
placed  in  such  a  manner  that  Ught  may  fall  on  them  at  ao 
angle  of  56"  45',  when  the  light  reflected  will  be  polorixcd, 
and  a  lar^c  field  Llluminatcd,  but  not  with  so  much  brilliancy 
as  by  the  prii<m  and  concave  mirror. 

The  iisua)  mode  of  exhibiting  microscopic  objects  by  pobr- 
ized  light  is  to  place  tlicm  on  tlie  stage  of  the  instrument 
with  a  Nicol's  prism  as  a  polarizer,  adapted  below  the  stage, 
and  a  nmilar  prism  aliove  the  eye-piece ;  in  thia  way  niort 
crystalline  bo<lic8  may  be  shown.  Some  few  vcgctablo  stmc^ 
turee  may  also  be  ejdiibtted  in  the  same  manner,  amongst  tlic 
Intter  may  be  enumerated  the  hairs  on  the  leaf  of  (he  Elccagnue. 
the  siliceous  cuticle  of  the  Equisetum,  and  of  some  of  the 
grasses,  together  with  starch  of  various  kinds,  all  of  which 
are  beautiful  objects  for  the  polariang  microscope.  Many 
animal  structures,  such  as  feathers,  slices  of  quill,  horn,  hoof, 
and  other  cuticulor  appeudiigcs,  are  best  shown  by  placing  a 
thin  film  of  selenite  or  mica  beneath  them,  by  which  they 
become  inttinsely  coloured ;  the  selenite  or  mica  should  bo  of 
uniform  thickness,  in  order  to  develop  tlie  true  structure  C 
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the  object  as  indicated  by  the  various  colours  occa/uoocd  by 
Uic  diflfercnt  densities  of  its  purts.  A  list  of  thoec  objects  tliat 
will  cxliibit  the  most  beautiful  eerica  of  colours  will  be  given 
in  another  part  of  the  work. 

It  may  be  here  stated,  that  the  film  of  sclemte  employed  to 
give  colour  to  objects,  should  be  inountoil  between  two  glasses 
lor  protection ;  it  may  be  even  immersed  in  Canada  balsam,  in 
the  same  manner  as  on  ordinary  object.  Some  persons  emjiloy 
a  larg^e  film  mounted  in  this  way  between  plates  of  glass,  with 
a  raised  edge  to  act  as  a  stage  for  supporting  the  object  on,  it 
is  termed  the  "jw/em"fc  sUtffe," 

Cause  of  tfie  Colours  of  Polarized  Uyht. — Tn  fig.  153  it  was 
shown,  that  when  a  beam  of  light  reflected  from  a  plate  of 
gliuM,  at  the  angle  of  56"  45',  wns  received  by  anotlier  plate  of 
glasH  at  the  mme  angle,  it  would  be  found  (if  this  second  plato 
were  capable  of  being  revolved)  that  in  two  positions  in  one 
revolution  the  tight  would  be  entirely  stopped,  whilst  in  two 
others  it  would  bo  wholly  reflected;  in  the  microecope  the 
some  effect  can  be  shown  by  two  pnams,  one  either  above  the 
eye-piece  or  between  it  and  the  object-ghisa,  and  the  other 
between  the  object-glasa  and  the  mirror.  It  has  been  stated 
before,  tliat  if  a  thin  plate  of  a  doubly  refracting  crystal  were 
placed  between  the  prisms  (when  in  tlie  situation  that  the 
transmitted  my  of  polarized  light  from  the  lowest  prism  is 
stopped  by  the  upper  prism),  it  would  not  only  cause  tlic  Ught 
to  pass  through  the  first  prism,  but,  according  to  the  thickness 
of  the  plate  of  the  cryetal,  so  should  we  have  colours  comple- 
nientary  of  each  other,  or  which,  together,  would  make  white 
lighL  From  a  very  early  period,  philosophers  have  been 
employed  in  the  investigation  of  the  nature  of  light,  and  two 
principal  theories  liave  been  advanced,  one  by  Newton,  who 
maintfuned  that  light  is  material,  and  is  emitted  by  oil  self- 
luminous  bodies  in  minute  particles  ;  the  other  by  Iluyghcus, 
who  Bupj>oeed  tliat  an  ehistie  medium,  called  ether,  fills  all 
space,  and  occupies  the  intervals  between  the  particles  of  all 
substances,  and  that  Iimiinous  bodies  excite  vibrations  in  this 
ether,  which  Mpreail  by  waves,  in  tlie  same  manner  as  those 
funued  in  wuirr  when  a  foreign  substance,  such  as  a  stone,  it^ 
<lr(^iped  intu  it.    Tlii^t  latter  theory  is  the  one  now  generally 
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mdopted,  ftotl  ban  raceivcd  tbe  name  of  the  MmdMiiaitrf  Amij. 
liight,  OS  is  well  kiKiwn,  is  made  np  of  three  coioMi%  ttA 
colour  being  pn^Iut-cd  bv  a  wave  or  nndulatioa  oi  a  ir—*"*"^' 
length ;  if  all  meet  Together  in  the  tonne  state  of  vibnibM. 
white  light  i&  formed,  but  if  tliey  meet  under  other  i  iimTiriiM. 
tlarknesa  or  colour  may  result  from  the  wavee  interfering  witk 
each  other.  If  tbe  ditfcrcnce  of  length  between  two  wane  be 
an  even  number  of  half  undulationfl,  the  two  will  coincide  and 
produce  a  colour  cqiuil  in  intensity  to  the  two  con^nned;  bd 
if  tlie  difference  be  an  odil  number,  darkness  will  remit  Let 
U8  now  apply  this  principle  to  the  selenite  between  tlie  tvo 
prisms,  and  let  us  suppose  the  prians  to  be  amngetl  so  thtt 
no  light  may  be  seen  when  the  eye  ia  appBed  to  the  eye-pieee; 
the  polarized  beam,  therefore,  &om  the  first  prism  not  bcii^ 
able  to  pass  through  the  analyzing  pri^m,  a  plate  of  a  <kmfale 
refracting  crystal  is  introduced;  this  has  the  prupertjf  of 
dividing  the  polarized  beam  into  two  rays,  which  are  polaruedtt 
right  angles  to  each  other ;  but  at  angles  of  45**  to  the  origiBal 
ray,  these  falling  on  the  analyzing  prism,  and  bcii^  indnied 
Bomewhat  nearer  to  ita  cryHfdlograplucal  axis  than  the  polar- 
ized beam  oripnally  woe,  some  of  its  vibrations  will  paai 
through,  and  colour  will  be  produced  by  interferences  in  Ae 
undulations ;  and  if,  in  the  firet  case,  the  colour  be  red,  then, 
OS  the  prism  is  turned,  it  will  bectnne  green.  The  red  and 
green  colours  are,  as  has  been  before  stated,  complcmenlaty, 
or  the  one  is  what  the  other  wants  to  form  white  light ;  if  s 
double  rcfnicting  crystal  of  Iceland  spar  be  used  instead  cf  1I16 
Nicol's  prism,  it  can  be  shown  that  where  the  red  and  green 
are  super-posed,  white  light  results.  But  as  this  subject  will 
be  best  understood  by  reference  to  a  diagram,  the  author  has 
selected  the  following  from  the  second  edition  of  the  valuable 
Jntrofluction  to  the  Study  of  Polarised  Lit/ht,  lately  published 
by  his  friend,  Mr.  Woodward.  In  order  to  render  the 
diagram  mure  intelligible,  it  may  be  as  well  here  to  state 
that  ordinary  light  is  represented  by  a  cross,  which  denotes 
that  its  vibrations  are  in  planes  at  right  angles  to  each  other, 
when^as,  when  one  sot  of  such  vibnitions  only  is  shown,  the 
light  in  mwl  to  be  jKjlarized.  Mr.  Woodward's  description  of 
the  production  of  colour  by  polarized  l^ht  being  in  it«clf 
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m  coui])rehenBive,  the  author  haa  been  induced  to  copj  it 
verbatim. 
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'  "  A  B,  C  D,  represent  the  rectangular  vibrations  by  which 
a  ray  of  common  light  is  supiwaed  to  he  propagated. 

**  £,  a  plate  of  tourmaline,  called  in  tins  situation  the 
polarizer,  and  so  turned  that  A  B  may  vibrate  in  the  plane  of 
its  cryeUllographical  axis. 

**  F,  Ught  polarized  by  E,  by  stopping  the  nbrationfe  C  D, 
and  transmitting  those  of  A  B. 

"  G,  a  piece  of  selenite  of  mch  a  thicknesB  as  to  produce 
red  tight  and  iU  complementary  colour,  green. 

"  H,  tlic  polarized  light  F  bifurcatetl,  or  divided  into  ordi- 
nary and  extraordinary  rays,  and  thus  said  to  be  dipolarizcd 
by  the  double  refractor  G,  and  forming  two  planes  of  polarized 
light  a  and  e,  vibrating  at  right  angles  to  each  other. 

"  I,  a  second  plate  of  tourmaline,  here  called  the  analyzer, 
with  its  axis  in  the  same  direction  as  that  of  E,  through  wlucli 
the  several  systems  of  waves  of  tl>c  ordinary  and  extraordinary 
rays  \l,  not  being  inclined  at  a  greater  angle  to  the  axis  of  the 
analyzer  than  that  of  45'^,  ore  transmitted  and  brought  together 
under  conditions  that  may  produce  interferences. 

"  K,  tlie  waves  R"  and  R«  for  red  light  of  the  ordinary  and 
extraordinary  systems  meeting  in  the  same  state  of  «bralion, 
occasioned  by  a  diifercnce  of  an  even  niunbcr  of  half  undu- 
lations, and  thus  forming  a  wave  of  doubled  intensity  for 
red  light. 

*•  L,  M,  the  waves  Y*  and  Y*  iuki  B**  and  B'  for  yellow  and 


blue  of  the  ordinarj'  ami  cxtmordiuary  system 

meeting  together,  with  a  dillcrence   of  an    odd   Dumber 

half  undulations,  and  thus  neiitralizang  caicli  other  by  intct* 

ferences. 

"  N,  rod  light,  the  result  of  tlic  coincidence  of  the  yrvm  tar 
red  light,  and  tlie  neutralization  by  inteHerencea  of  those  for 
yellow  and  blue  refii>cctivcly. 

"  U,  in  the  lower  part  of  fig.  157,  representa  di] 
Ught. 

"  1,  the  finnlyzer  turned  one  quarter  of  a  circle,  it^ 
being  at  right  angk-a  to  that  of  I,  in  llie  upper  part  of 
eainc  figure. 

"  K,  the  waves  R*  and  R'  for  red  Ught  of  the  ordinary  and 
the  extraordinary  s^-etems  meeting  tt^ethcr  with  a  diflerence  of 
on  odd  number  of  half  imdulationB,  and  tlius  neutralizing  each 
other  by  interference. 

«  L,  II,  the  waves  Y*»  Y'  and  B*-  B"  for  yellow  and  blue  of 
the  two  systems  severally  meeting  together  in  the  same  state 
of  ^bration,  occasioned  by  the  difference  of  on  even  numbrr 
of  half  undulation^  and  fonning  by  Uicir  coincidences  waves 
of  double  intensity  for  yellow  and  blue  Uglit 

"  N,  green  light,  the  rcmilt  of  the  coincidences  of  the  wave* 
for  yellow  and  blue  light  re«[)ecti\'cly,  and  the  neutralization 
by  interierence  of  those  for  red- 

"  By  u^ng  H  plate  of  sclenite  of  imiforro  thickncsa, 
colour  will  bo  iiiilform,  whereas  a  plate  of  different  tliickn 
will  produce  dlfferont  colours,  following  the  same  order 
tlioee  of  Newton's  rings;  red  being  produced  by  the  thickes* 
violet  by  the  Uiinnf.8t,  and  intemietUnte  colours  by  intenuodialc 
thicknesses  of  the  plates  of  selenite." 

By  substituting  Nicofs  prisma  for  tlic  two  plates  of  to* 
inalliie,  and  by  Uie  aiidition  of:m  object-glissand  eye-pioco 
diagrams  would  then  represent  tlie  passage  of  the  light  throng: 
an  achromatic  compound  microscope.     If,  instead  of  the  eele- 
nlte,  other  crystal^  euch  ns  Iceland  spar,  quiutz,  nitre,  &c,; 
cut  in  the  manner  described  at  page  240,  be  placed  betwe 
Ihc  tourmalines,  coloured  rings  will  be  produced,  which, 
some  coees,  may  be  intersected  eiUier  by  u  black  or  white 
«0«fl,  ocomding  as  the  light  ie  stopped  or  transmi 
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aubstonccB,  whether  aninial,  vegetable,  or  mineral,  wtiich,  by 
tlitj  une<imil  armugcmcnt  of  tlicir  particles,  poescss  the  property 
of  double  refraction,  will,  vfhcn  plm;oil  between  the  priams, 
exhibit  colours  varying  according  to  tlio  otlierwiso  unap- 
prouiabte  difference  of  density  of  their  vaiioua  [larts,  and 
these  difference's  may  thus  bo  dietinguiRhcd  and  traced  oat 
luucli  more  satuifuetorily  than  by  common  light.  "  Should, 
however,"  says  Mr,  Woodward,*  "  the  doubly  refracting 
properties  of  the  tissue  be  too  feeble  to  produce  a  sufllicient 
difference  of  colour,  the  effect  may  be  considerably  increased 
by  placing  the  object  on  a  plate  of  sclcnite  of  uniform  tbick- 
nea*,  for  which  purpose  a  thickuesH  capable  of  prwluoing  a 
bright  purple  or  light  blue  colour  will  be  found,  to  afford  the 
raoet  ngrceable  contrast,  and,  an  a  single  plate,  to  be  the  moet 
generally  useful." 

In  the  preceding  descnption  of  the  colours  produced  by 
IK)lartzed  light,  thoee  of  which  mention  has  been  chiefly  made 
are  the  red  and  the  green ;  it  must  not,  however,  be  imagined 
that  Uicse  are  the  only  coluuru,  for,  in  practice,  it  will  be 
found  that  not  only  every  colour  of  the  Bpcctrum,  but  every 
variety  of  tint  of  each  of  these  primary  colours,  will  be  pro- 
duced by  variations  in  the  thicktiees  of  tlic  doubly  refracting 
substance,  through  which  the  jK>larized  light  passes;  these 
tints  may  bo  chiesiiied  into  seven  orders,  as  was  done  by 
Newton,  when  he  ascertained  the  thickness  of  coloured  plates, 
and  particles  of  air,  water,  and  glass.  Selenitc,  from  tlie  div 
cum^tance  of  its  splitting  easily  into  lamiuic,  may  be  obtained 
of  all  tJiicknesses,  au<l  films  of  intermediate  thicknesses  between 
"00124  and -01818  will  give  all  tints  of  colour  between  the  white 
of  Newton's  6rat  onler  and  the  white  arising  from  the  mixture 
of  all  the  colours.  The  same  variety  of  tints  may  be  produced, 
by  placing  the  films  one  over  the  other;  for  tliis  purjKwe, 
Mr.  Darker,  who  has  paid  considernble  attention  to  the  sub- 
ject of  polarized  light,  and  to  whose  ingenuity  we  ore  indebted 
for  some  of  the  most  beautiful  of  our  apparatus  for  exhibiting 
certain  phenomena  in  connection  with  this  subject,  has  con- 
structed for  Dr.  Leoson  the  instrument  represented  by  fig.  158. 

Op-  O/.,  p  31. 


SffO 


USE  or  THE  MJCROSCOPR. 


It  consiaU  of  a  plate  of  brass,  four  locbca  long,  an  inoh-and  >- 
hnlf  broad,  and  one-fifth  of  an  inch  thiirk,  having  a  piece  of 
raised  braae  screwed  to  it,  against  whiL-h  objects  maj  reit 
when  the  micrDflco^w  is  incUncd ;  in  the  centre  of  the  braa 
plfttc  there  is  a  hole,  one  inch  in  diameter,  into  wluch  ie  fitted 
a  ring  uf  tlic  aaiue  metal,  witli  a  shoulder  ou  its  under  Bide  to 
receive  certain  cells,  into  which  plates  of  Bclemte  are  fitted; 
tliiii  ring  is  capable  of  being  revolved  cither  to  tlie  right  or 
the  left  of  a  central  index  or  dart,  by  means  of  an  eudlcw 
•crew,  turned  by  the  small  handle  eeen  on  the  right  side  of  the 


Fig.  158. 

figure.  P  A  ^,  P  A  5,  P  A  I,  represent  three  brass  cells,  into 
each  of  which  are  burnished  two  plates  of  thin  glase,  having 
between  them  films  of  scleuite  of  diflcrent  thickneaees.  The 
dart  at  P  A  denotes  the  direction  of  the  positive  axis  of  the 
scleuite,  and  the  figures  ■(,  ^,  8cc,  denote  the  ports  of  a  vibra- 
tion retanled  by  eacli  disc,  which,  by  their  super-poedtion  and 
variatiou  in  position,  by  means  of  the  endless  screw  motion, 
produce  all  the  colours  uf  the  spectrum. 

Advantii^et  of  PolarUed  LigJd  to  lite  MicroKOjmt. — Tlie 
application  of  this  modification  of  light  to  the  illumination  of 
very  minute  structure*  has  not  yet  been  fully  carried  out,  but 
still  there  is  no  test  of  differences  in  denaty  between  any  two 
or  more  parts  uf  the  same  substance  that  can  at  all  approach 
it  in  delicacy.  All  structures,  therefore,  belonging  either  to 
the  animal,  vegetable,  or  mineral  kingdom,  in  which  the 
|)ower  of  uncqu.-)l  or  double  refraction  is  siispecto<l  to  be 
present,  ore  tliose  tliat  should  csjHscioUy  be  iuvct>tigated  by 
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polarized  light.  Some  of  the  moat  delicAte  of  the  elementary 
tissues  of  Rnimuld,  such  as  tlic  tul>es  of  nerves,  the  ultimate 
fibrillar  of  muscle,  &c.,  are  amongift  some  of  the  uiost  striking 
subjects  that  may  be  studied  with  advantage  under  this 
method  of  Illumination.  It  would  be  impossible,  in  a  work 
like  the  present,  to  give  a  long  list  of  objects  that  require  the 
aid  of  jwUrized  light  for  tlicir  exhibition ;  every  structure 
tliat  the  microscopist  is  investigating  should  be  examined  by 
this  light,  OS  well  as  by  that  cither  transmitted  or  reflected; 
objects  mounted  in  Canada  balsam,  that  are  tar  too  delicate  to 
esdiibit  any  etnicture  under  onlinary  illumination,  will  often 
be  well  seen  under  {wkrized  light;  its  uses,  tlicrcfore,  are 
manifold.  Thoee  who  would  wihIi  to  enter  scientifically  into 
this  subject,  should  consult  tlie  works  of  Biot,  Brewster, 
Ilcrschel,  and  the  excellent  Lectures  of  I>r.  Pereira;  the 
Familiar  Introduction  to  the  Studjf  of  Polarized  Liffhtf  by  Mr. 
AVoodward,  may  altso  be  studied  with  very  great  advantage. 
The  object  of  the  author  in  the  present  chapter  has  been  to 
show  the  nature  of  the  apparatus  employed,  how  it  is  adapted 
to  the  microecope,  and  the  method  of  using  it,  tc^ether  with 
as  short  an  explanation  as  poembleof  some  of  its  most  important 
prindples;  the  mode  of  preparing  such  objects  as  will  beet 
exemplify  these  principles  will  be  fuUy  described  in  a  subse- 
quent chapter. 


CHAPTER  Vn. 


GuNIOMETEIt. 


For  the  purpose  of  measuring  the  angles  of  crystals,  whether 
micruecopic  or  others,  a  very  beautiful  instrument  has  beea 
invented  by  Dr.  Leeson,  and  has  been  termed  by  him,  a 
Double  Keiracting  Goniometer.  A  full  description  of  it  has 
been  pven  in  the  Procerdii^$  of  the  Chemical  Society^ 
Part  XXIII.,  of  which  the  following  is  a  tranacript: — 
'*  The  goniometer,  invented  by  the  author  with  a  view  to 


or  THE  MICBOeCOPE. 

remoTO  many  of  the  Jifficulbce  incident  to  the 
heretofore  in  use,  is  repreeeotcd  in  6g8. 159to  167.  Amuopt 
the  peculiar  lulTantages  of  thin  inttnunent  may  be  enuntami«d 
ttH  (Tapal)Ility  of  meAsuring  opaque  and  imjicrfbct  cryttaiK  aW 
microecopic  crysfcaH  and  crretale  in  the  interior  of  ttmn^MiCBt 
media.  It  is  equally  applicable  to  the  laigest  erysCaK  aad 
'W'ill  measure  angles  without  removing  the  crystal  from  a 
specimen,  provided  only  the  whole  is  placed  on  a  suicabk 
adju.<!tin^  tita^  Tlic  iuslrument  depends  on  the  ^ipBcatxa 
of  a  doubly  refracting  prism,  rather  of  Iceland  epKt  or  ot 
quartz,  of  Boch  a  thickness  as  will  only  partially  Kparate  the 
two  images  of  the  angle  which  it  ia  propoeed  to  mcasorc 

**  PremiBin>r  that  the  goniometer  may  bo  cither  mounted  as 
a  acjmrate  instrument  or  attached  to  a  microecope,  it  ia  pro- 
posed to  describe  it  an  when  fitted  to  a  body  of  tlic  improved 
compound  niicro«tx)pe8  in  common  utic.  The  same  letters 
will  be  used  for  the  corresponding  porta  in  figs.  159  to  164, 
wliich  represent  the  various  parts  of  the  goniometer  fitted  op 
aji  tlie  eye-piece  of  a  microscope,  K^ethcr  with  those  of  the 
oiljusting  stage  to  support  the  crystal  which  is  intended  to  fix 
U£K>n  the  travcrBing  sUige  of  the  microscope. 

"Fig.  159  ia  a  perspective  view  of  the  goniometer,  and  fig. 
1  CO  18  a  section  of  the  some.     At  a  is  an  achromatic  prism  of 


Fig.  150. 


double  rt'fnu^ting  Iceland  8i»ar — a  llochon's  prism  of  quarti: 
may 'be  «ub«titutcd;  b'ta  &  braes  tube  containing  the  priHin, 
witli  a  rrtuml  »|K'i-ttiiT  forming  the  cap  of  tlie  cye-picoe,  and 
Mhdiiig  atiflly  on  (he  tube  r  attjtchcd  to  the  ann  d  carrying  the 
vernier  of  the  graduated  circle  A.     At/is  on  uchromuLic  eye- 
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jnocc,  cither  Ilurghcxuan  or  positive,  eliding  stiftiy  or  rerewin;; 
into  the  tube  g  which  fits  into  the  tubular  body  of  the  micro- 
ocopo.  If  the  crystal  be  Inrgp.  and  no  magnitj-ing  |>ower  re- 
quired, Uiis  eyc-piecc  may  be  dispensed  with ;  a  ttingle  lens  of 
long  focus  may  oocasionAlly  be  substituted  with  od^'antago. 
The  vernier  hati  a  cLiniping  screw  at  i  and  an  adjusting  wirew 
at  A.  A  rending  mieroecopc,  plucctl  at  c,  is  attached  to  the 
vernier.  Fig.  IBl  it*  tlic  adjusting  stage  to  suptwrt  tlie 
cryBUU  whose  angles  arc  to  be  measured,  and  fig.  163  is  a 


Fig.  161. 


(= 


'^ 


0- 


^ 


Fig.  Ifi2. 


section  of  the  same.  The  cryptal  m.iy  either  be  attached  by 
Canada  baleam  or  wax  to  a  gtans,  or  blackened  ivory  plate  / 
dropping  into  tlie  ring  m,  which  again  fits  into  the  ring  n,  or 
the  cryfttd  may  be  conveniently  held  by  the  clomping  amis 
in  fig.  163,  attached  to  a  riog,  also  fitting  iuto  the  plute  ». 


Fig.  163.  Fig.  164. 

Two  of  these  arms  have  very  small  cups  at  their  extremity 
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fitted  with  a  piece  oi  Indm  rnbbercr  earic,  lij 
they  can  be  prewed  agnrnt  «  crjBbd  wifhwit 
thirtl  arm  has  a  nnaD  fork  at  ita  extnsnitj,  wfaidh 
on  thr.  und  of  the  ann  at  -r  in  anj  dircctioa  to  suit  timerjttik 
The  anangemeDt  of  screws  and  gindn  thomu  in  the  dnwia^ 
in  for  tlw  purpOK  of  aliding  tlw  anns  to  sod  from  the  ocalff 
where  the  distal  ia  to  be  fi^od.  Fig.  164  la  ^-»Mf*'*f  n^ 
flttitig  ioto  R  with  two  light  epringa  to  bold  a  slip  of  ^Hi  «b 
which  to  fix  a  crystal  when  denied,  or  to  csrrf  one  of  the 
ordinarily  mnnntcd  microACopic  apeamam, 

"  p,  figa.  161  and  162,  iaa  senidrcle  mttach«d  to  the  ting 
n,  which  in  centred  on  two  screwB,  at  /  t,  j*"— frig  tiiroiigf) 
two  upright«.  so  that  it  may  be  inclined  at  any  angle  ud 
fixcil  by  ihc  ckniping  screw  r.  Tbu  Moucircie  may  he 
gnulunted,  in  which  case  it  can  alao  be  employed  for  deter- 
itiining  the  iiicrmution  of  the  optic  axes  hy  potarixed  ligfaL 
Not  only  cnn  the  plate  m  be  revolved  in  any  direction  within 
tlio  ring  n,  and  set  to  any  inclination  by  the  aemicacle  ^  but 
tlio  whole  ring  o  carrying  the  upright  lupporta  may  also  be 
revolved  around  the  short  tube  shown  in  the  sectioa  at  a 
upon  the  plute  *,  which  fits  upon  the  travendng  Btage  of  tlw 
iMU'roftOoi>c.  The  ring  o  may  also  be  graduated,  if  tlm^bc 
nacful,  anil  thus  rendered  convenient  for  investigatknw  by 
mcanM  of  jMiluri^ed  light. 

"  Wlien  »  crystal,  or  any  angle  of  tiic  same,  is  viewed  through 
thu  prism  iittiichtHl  to  the  goniometer,  two  images  thereof  aie 
produetil  by  revolving  tlio  prism,  whieli,  with  respect  to  eacii 
other,  nioy  Im;  nuide  to  occupy  various  relative  poeitioiifl»  ai 
Nliown,  for  example,  in  figs.   If)5,  166,  167.     Let  a  £  f,  fig. 
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Fig.  167. 


1 AA,  be  the  angle  to  be  measured,  the  crystal  being  adjusted 
prapnrly,  aa  hereinafter  explained.     Place  the  vcTnier  at  zero. 
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and  tliere  clamp  it  fast;  then  rcTolve  the  tube  b  containing 
the  prism  until  the  lines  forming  one  side  of  the  angle  to  bo 
meaeurcd  coincide  in  both  imugcs,  ae,  for  instance,  the  lines 
a  b,  a'  b\  fig.  166;  then  release  the  vernier  and  revolve  it  on 
the  graduated  circle,  until  the  two  Unes  forming  the  other  side 
of  the  aiit^lc  b  c,  U  d^  alw  coincide,  fig.  167.  The  amount  of 
rotation  thus  obtained  ia  the  measure  of  the  angle,  or  its  coui- 
plcment,  according  to  the  direction  in  wliich  the  veniier  ie 
moved.  Instead  of  starting  from  zero,  it  is  of  co\u-8C  suffi- 
cient to  take  tlio  dillereuce  of  tlie  readings  in  the  two 
jj<>.«gtinna 

"  There  ore  two  deacrlptionfi  of  angles,  tlic  one  sort  being 
tlie  plane  angles  produced  by  the  lines  forming  the  edges  of 
the  plnnes,  the  other  sort  being  the  angles  representing  the 
inclination  of  the  planes  tliemselres  to  each  other. 

**When  a  plane  angle  is  to  be  measured,  it  is  necessary 
that  tlie  two  liucs  or  edges  ibrming  it  sliould  be  both  situated 
in  a  plane  perfectly  horizontal,  tliat  is  perpendicular  to  tlic 
axis  of  vision.  The  stage,  fig.  161,  furnishes  every  fiicility 
for  this  adjustment,  which  may  be  known  to  be  i)erfect  by 
using  a  suitable  object-glass  and  observing  tliat  every  portion 
of  botli  lines  remains  exactly  in  focus  on  traversing  the  stage. 

**  When  the  inclination  of  two  planes  is  to  bo  meaaarcd, 
they  must  l>c  so  adjusted  that  their  line  of  junction  is  parallel 
to  the  axis  of  vision,  or,  to  use  a  familiar  expression,  they 
must  bo  taken  out  uf  winding,  as  it  ia  temied.  A  very  little 
practice  will  satisfy  the  obBor\-er  tliat  these  adjustments  may 
be  readily  accomplished  by  tlic  stage  in  question. 

"  Similar  adjustments  may  be  cllectod,  allliough  somewhat 
more  difficult,  by  using  the  (brcepa  commonly  sold  with  the 
compound  microscu[>e8,  more  C8|>ecially  the  three-pronged 
forceps  nuule  by  Smith. 

"  The  author  cannot  too  strongly  inust  on  the  iinportonoe 
of  the  microscope  in  exaiuiuiug  the  surface  of  the  pianos  of 
crystals  subjected  to  measurement,  convinced  as  he  is  that 
obliquity  in  many  cases  arises  not  only  from  conchoidaJ  froo- 
turce,  but  also  from  imperfect  laminx  elevating  (me  portion  of 
a  plane,  and  yet  allowing  u  very    tolerable  reflection  when 
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measured  by  the  re6cctivc  goniometer.  Another  eource  of 
error  ttometimes  arisca  from  not  observing  that  the  pbuic* 
measured  arc  tliosc  of  maclcd  or  aggregated  ciystals,  &ii<l  thus 
funiisli  angles  which  would  uot  exist  in  a  distinct  crystal." 

Mr.  Roea  has  also  contrived  a  very  excellent  goniometer; 
it  is  constructed  souiewluit  on  the  nune  principle  as  the 
micrometer  eye-piece,  shown  nt  fig.  134,  page  212,  by  plncing 
a  cobweb  in  the  lower  port  of  the  outer  tube  in  the  focua  of 
the  eye-gIo88,  instead  of  a  divided  scale,  and  having  tlie  upper 
rim  of  the  some  tube  dixided  into  360*.  By  tiuning  either 
the  crystal  or  the  cobweb,  so  tliat  one  of  tiie  sides  of  the 
former  may  lie  in  a  line  parallel  witli  the  cobweb,  and  having 
set  tlio  index  ul  zero,  or  obscr^'in;^  the  degree  it  pointjs  to, 
and  then  bringing  the  cobweb  in  a  line  pandlcl  with  another 
side  of  the  crystal,  tlio  number  o£  the  degrees  passed  ovrr 
will  give  the  angle  requited. 
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CHAPTER  I. 

The  microACope,  and  all  tho  appamtua  ncoeBaaiy  for  the 
investigation  of  every  class  of  object,  having  been  iiilly 
ilcjicribed  in  tlip  preceding  pagea,  it  rcmainit  nnw  to  point 
out  llic  different  nictlioiU  by  which  tlic?c  objects  uiay  be 
exhibited,  aa  well  na  mounted  and  preservml  for  fiiture 
cxniuination.  As  this  work  is  chiefly  intended  to  afford 
intonnatlon  to  those  who  are  yonng  in  microscopicHl  science, 
and  who,  therefore,  cannot  be  8Up[>oeed  to  be  fiuiiiliiir  with 
many  of  thn  methods  employe*!  in  tho  prcjiaralion  of  the 
different  kinds  of  objeeta,  tlie  author  nuwt  be  excused  (ur 
entering  somewhat  in  detail  into  a  few  of  the  most  important 
proccswa;  aa  it  ia  requisite  that  the  directions  given  should  be 
sufficiently  plain  to  enable  even  tlic  most  lncx|K;rieiiccd 
manipulator  to  carr^-  them  into  effect. 

All  structures  intended  to  be  viewed  by  transmitted  light 
re(piiriiig  glaiut  of  some  fonii  or  other,  citlicr  for  their  support 
whilst  being  invcfitlgatcd,  or  when  permanently  mounted,  it 
becomea  necessary  first  to  allude  to  the  best  mwlc  of  cutting 
such  ginse  into  the  proper  ^Impe  by  n  diamond. 

Diamujids  fur  Cultint/  Glass. — Tlic  dlumonds  required  by 
the  microscopist  are  two  in  number,  the  plough  or  glazier's 
diamond,  aud  the  writing  diamond.  The  funncr  ia  necessary 
for  cutting  the  thin  plate  or  crown  glass  for  elides,  ond  (or 
cells  and  boxes  to  mount  objeeta  in,  whilst  the  latter  ia 
required  for  cutting  the  thin  ghiss  for  covers,  and  for  writing 
the  names  of  the  objects  on  the  end  of  the  slides.  The 
plough  or  glazier*s  diamond  is  represented  by  fig.  168,  and 
consists  of  a  shaft  or  handle,  and  of  on  oblong  piece  cither  </ 


MAXIPCLATIOX. 


•tefl  or  bnufl,  in  which  the  dittrTwtwl  m   aet;    tlni  pteee  «f 
nicta]  is  connected  to  the  hawBe  by  iprmiM  of  a  9iiiii!l  jouI 
which  wurks  in  the  end  of  ft  bcMS  fonde  attBcM 
to  tliti  baodlc  of  the  iattnunent.     The  bandit  a 
gpnrnJIy  composed  of  wood  or  iTorv.  the  upficr 
l«rl  is  round  and  slight,  whilA  the  lower  part  ■» 
mudi  larger  and  fUttcoal  oo  two  «de%  far  nwow 
presently   to  be   masigned.     The    amateur,  when 
taking  a  diomoml  in  band  for  the  first  timet  imiet 
not  be  diaappoiotcd  if  be  fiiil  to  cut  a  strip  from  a 
]>i>''-c  uf  glaw:  he  may  even  peraeTcre,  wad  sliU 
Huine  time  clnpec  before  he  is  certain  of  making  a 
pKMl  cut — hence  it  has  been  thought  thai  a  fcir 
words  of  inBtniction  on  this  point  wonld  not  here 
he  out  of  place.    The  diamond  ehoold  be  held  in  the 
Imtitl  tlius: — The  nppcr  part  of  the  skxaH  or  handle 
ttliould  l)C  placed   between  the  fore  and   middle 
finger,  and  one  of  the  square  odea  of  the  lower 
end  prc0t)c<l  upon  by  the  thumb,  and  the  of^KMbte 
('((uare  Mdo  by  the  middle  finger.    The  adc  of  the 
uMong  piece  of  met;U  in  which  tltc  diamond   Ib  set 
ehoiUd  now  be  brought  against  the  edge  orf  the 
nilcr,  and  by  means  of  the  swivel -jcMot   it  will 
rtiidily  accommodate  itself  to  it     Suppoang  wc 
wish  to   cat  a  strip  from   a  piece    of  glam,  we 
must  first   lay  the   ruler   on   the  glass,  in   tlie 
p(iwi(ir>n  in  which  we  wi(»h  the  cat  to  bo  made; 
the   iliutiiomt   held   as  already  directed   must   be 
plarnl  arriun^t  the  edge  of  the  ruler,  at  the  spot 
whcTc  we  wish  the  cut  to  commence,  and  aboald 
the  oj^rator  liavo  never  cut  with  the  same  diamoml 
before,  ho  should  rest  it  on  its  point,  and  move  it  backwards 
and  forwards  upon  it,  making  tlio  upper  end  of  the  handle 
flcAcrihe  a  curve,  until  the  diamond  nuirks  or  takes  readily  to 
lliQ  glass.    AVlicn  the  light  position  is  obtained,  the  diamond 
may  bo  drawn  aircfully  along  the  mlcr  to  the  opposite  end  of 
the  glass,  care  licing  always  tjikcn  that  the  prceaxnc  exerted  on 
it  liv  not  great,  and  that  the  same  degree  of  inclination  of  iu 
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Iiandic  to  the  ruler  be  preserved  throughout,  elm  in  part«  tlie 
glass  will  be  cut,  and  in  others  only  wratchcd.  A  true  cut  will 
be  known  by  being  very  faintly  viaible,  and  by  a  particularly 
muaicaJ  aound  being  produced  by  the  cutting,  whereas  a  scratch 
18  known  by  its  jagged  edges,  and  by  the  rough  and  harsh  sound 
made  whilst  the  diamond  is  paasing:  when  the  glass  is  held 
towards  tlic  light,  it  will  be  seen  that  the  scratch  is  merely 
8u[icrficlal,  but  the  true  cut,  althougli  faintly  seen  on  the 
surface,  will  show  that  the  glasu  ie  cracked  for  eonic  con- 
siderable didtauce  beluw  it.  When  we  try  to  separate  the 
slip  which  has  been  cut  with  the  diamond,  we  shall  find  that 
it  eai^ly  breaks  off,  whilst  tlie  scratched  portion  will  be  with 
dithculty,  ii*  at  all,  removed-  The  operation  of  cutting, 
although  at  Brat  sight  very  simple,  will  be  found  not 
to  bo  80  in  practice.  Tlic  best  plan  for  the  tyro  is  to 
procure  a  piece  of  soft  gln&s,  and  mnkc  a  number  of 
cuts  as  near  to  each  other  as  postublc,  and  try  how 
tliin  a  slip  can  be  broken  off. 

Jf'ritituj  Diamond. — The  writing  diamond  Is  repre- 

Ieented  by  fig.  169;  it  is  not  provided  with  a  swivel, 
neither  is  the  handle  equaretl,  but  consists  for  the  meet 
port  of  a  thin,  lapciing  stem  of  ebony  or  ivory,  and  ua 
it,  like  the  glazier'a  diamond,  will  only  cut  or  scratch  in 
certain  i)Ositiuns,  it  b  requisite  that  the  operator  should 
ascertain  this  point,  and  when  once  found,  a  mark 
aliould  be  made  on  tlie  handle,  in  order  to  show  which 
part  of  it  is  to  be  held  in  front.  Those  diamonds 
iiaving  a  jiortion  of  the  handle  squared  on  which  to 
place  the  thumb  or  forefinger  will  be  found  to  be  by  far 
the  moi*t  convenient;  but  when  tlie  operator  has  once 
fixed  ujion  the  best  wnting  point  of  the  diamond,  he 
Fig.  ifiO.  '"'^fs  '*  I'G  chooees,  cut  out  a  place  in  the  handle  for 
the  reception  of  the  thumb  or  furefinger.  There  are 
two  descriptions  of  writing  diiimoiuld,  one  in  which  au  irregu- 
lar stone  has  been  ground  or  turned  to  a  fine  point,  whilut  the 
other  is  formed  of  a  sharp-] joiutctl  fragment  or  aplintt-r.  The 
tbrmor  ie  to  be  preferred,  although  ita  coet  is  conaidenihly 
greater. 
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CHAPTER  U. 

ON    CUTTINO   tiUiaft. 

Glass. — The  best  kind>§  of  glaas  fur  mouatii^  objects 
lire  tlio^  known  m  commerce  as  thin  plate  and  Jtatttd  crmn, 
both  muy  be  purchased  either  iii  sbccte  or  cut  up  into  elida 
ready  lor  use ;  if  the  former  be  preferred,  it  diould  be  iiw 
from  bole-8  and  flaws,  whilet,  in  the  hitter,  veins  msA  sr 
bubbled  must  be  avoided ;  should  the  operator  wish  to  cot  it 
liiuif^lf,  he  must  be  provided  with  ft  tUamcMMl  of  the  fonn 
reprciicntcd  in  page  260,  and  a  piece  of  apparuua  turmed  > 
ciitting-lward. 

CVffwy-Aoarrf.—Thifi  18  represented  by  fig.  170,  it  oooastt 
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Fig.  170. 

of  a  piece  of  maliogony  or  deal,  a  b,  about  a  foot  or  eighteen 
inrhcfi  long  by  eight  or  nine  brnail,  and  Uircc  qunrtciB  or  one 
inch  thick ;  upon  this,  and  close  to  one  of  tlie  sides,  is  screwed 
a  strip  of  Hiniilar  wood,  c,  about  an  lucU  broad  and  oue-fourth 
of  an  inch  thick,  but  not  so  long  aa  the  bottom  piece  by  two 
inches ;  ujion  it  may  Ik  marked  linee,  such  aa  ef(f,  to  indicate 
the  width  of  the  more  common  Eiized  slides.  T)ie  rulers  are 
generally  made  of  the  Icngtli  of  the  l>oard,  and  as  brood  as 
the  flize«  of  the  gloed^idcs  required  to  be  cut,  minus  half  the 
thickness  of  the  setting  of  the  diamond ;  the  wood  tii4}st  suit- 
able for  them  Is  from  one-eighth  to  ouc-fourth  of  an  inch 
thit'k ;  <mc  of  these  ndcn*  \a  rpprewnte<l  by  <L  In  all,  the 
ends  ehould  be  cut  jicrfectly  sipmre,  for  a  puqxwe  prt-eeutly 
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to  be  named.  Now,  dup{H)8iiig  wc  wisli  tu  cut  tlie  alides  uf 
the  usual  size,  viz.,  three  incites  long  by  one  inch  wide,  wc 
must  he  {irovidod  with  two  rulers,  the  one  nut  quite  unc 
inch  broad,  the  other  not  quite  three  inehcs,  ns  no  diamond 
wilt  cut  close  to  the  edge  of  the  ruler,  ia  consequence  of  Ua 
being  set  in  the  middle  of  n  piece  of  Bteel  or  braas,  therefore 
the  distance  of  tlie  cut,  made  by  the  dioiuund-point  from  tlte 
edge  of  the  ruler,  will  bo  re^datod  by  the  thickness  of  the 
Bitting,  and  as  no  two  arc  of  the  eanie  tliickucsSf  it  becomes 
nececaary  to  have  the  rulers,  at  first,  of  the  respective 
breadths  of  one  inch  and  three  inches,  and  then  to  have 
une  edge  planed,  until  the  cut  mode  by  the  diamond  ia 
exactly  the  right  meaaiire.  When  tliosc  who  use  platc- 
^Voits  prefer  having  the  edges  of  their  slides  either  ground 
or  polisliod,  it  is  as  weJl  to  keep  the  rulers  of  the  exact  size 
of  the  »Iide,  vix.,  one  of  uu  inch  and  tlic  otlicr  of  tlirec  inches 
broad,  by  these  the  sUden  will  be  cut  larger  than  is  required, 
but  the  loss  liic  edges  sustain  in  the  grinding  will,  in  all 
probability,  bring  thcra  down  to  the  proper  size. 

Process  of  Cutting. — In  tlie  cutting  of  slides,  it  is  advisable 
first  to  cut  the  glius  into  strips  three  inches  broad,  this  is 
doue  in  the  following  miinner: — One  edge  of  the  glass,  if  not 
quite  atnught,  is  to  be  made  so  by  cutting  a  thin  ?trip  oH'; 
this  straight  side  is  to  be  placed  against  the  thin  raised  edge 
on  the  cutting-board,  and  pressed  firmly  towards  it,  the  broad 
ruler  is  tlicn  to  be  laid  upon  the  glass,  and  also  pressed 
flgunst  the  raised  edge,  and  a  cut,  made  witli  the  diamond  in 
the  manner  previously  deecribed ;  wc  shall  nowliave  a  strip 
of  glass  three  inches  broad,  llic  next  step  is  to  nudic  one  of 
its  ends  square,  this  nuiy  be  done  by  laying  the  strip  against 
the  raised  edge  uf  the  cutting-board,  witJi  one  extremity  ex- 
teudiog  a  little  beyond  it,  the  broad  ruler,  being  perfectly 
square  at  both  ends,  is  now  to  be  placed  with  one  of  these 
against  the  raised  c<lge  and  a  cut  made,  this  will  render  the 
end  of  the  strip  of  the  glass  stjuorc ;  this  s(|uared  end  is  tlien  Ut 
be  brought  against  the  edge  of  the  cutling-Ixiard,  ami,  with 
the  narrow  ruler,  it  con  be  cut  up  into  as  many  slides  uf  tltrre 
inches  by  one  aa  its  length  will   :ulmit  of;  when  these  are 
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pheed  in  a  bundle,  Uiey  wrill  be  roond  to  be  aD  of  ooe  a*. 
wbJcli  would  nut  be  the  CMe  were  my  odbcr  fidm  adopiaL 
The  BouU  strips  cat  off  from  pbte-glaM,  whkh  an  not  im^ 
enotigh  for  riidet,  should  not  be  thrown  nwmj,  u  the;  wil 
be  fouod  very  n«cf  il  in  OMiking  cdb  or  boxes.  It  wS  k 
noticed  that  tdid«9  of  threo  incbee  by  one  have  only  boea 
spoken  of  in  the  preceding  deacriptko,  oi  ooorae  aay  oikx 
sized  may  be  cut  by  tiic  same  proc«fl%  by  havxi^  rvAen  of  the 
requisite  breadth. 

Edyinij  tfi£  SHdca. — All  gUfis  that  has  been  eat  with  the 
diamond  will  present  a  rough  edge,  to  obriate  thl^  and  at  ^ 
aansc  time  to  improve  the  appearance  of  the  aiide,  tiie  e4pn 
most  be  ground  smooth,  thin  ie  done  by  rubhii^  tfaem  on  a 
IKrfectly  flat  plate  of  metal,  with  fine  emery  and  water.    As 
one  of  these  plates  will  be  found  of  great  use  for  other  pur- 
poses than  Uuit  just  mentioned,  it  will  be  as  wcU  here  to«peak 
of  the  best  form  to  be  adopted.     Several  metals  w31  answer 
the  purpose,  but  tbo  be«t  is  a  mixture  of  lead  and  pewter; 
cast-iron  and  braas^  especially  tiic  former,  will  answer  voy 
well,  but  lead  is  rather  too  soft;  in  order  to  get  the  surfiwe 
fint,  it  nuiy  be  pluncd,  or,  if  the  pintc  be  not  very  lai^,  three 
uf  the  came  size  uliuuld  be  procured ;  they  may  all  be  kept  per- 
fectly true  by  a  proceed  well  known  to  most  mecbanicfl,  this  is 
nothing  more  tliau  griudiug  ouu  alteriuitdy  against  the  two 
others,  and  these  two  ajrainst  each  oUicr,  whereby  a  perfectly 
flat  Burfuco  may  be  always  kepL     If  cast-irun  be  cnipk^ed, 
three  pbites,  about  seven  or  eight  inches  in  diameter,  will 
answer  tlic  purpoee  cxceediugly  weU.     The  process  of  grindii^ 
tlio  edges  consists  in  holding  the  elide  in  a  vertical  portion  on 
the  pUte,    and   rubbing  it  citJicr  round  and  roimd,  or  else 
boiikwanls   and    torwanlf*,    until  perfectly  flat;  if  the  edges 
rtwiiiire  to  be  bevelled,  tlic  slide  must  then  be  inclined  at  an 
luigic  of  45°  with  the   plate,  ond  be   rubbed    in   the   aamc 
nuinncr.     The  emery  should  be  fine,  and  the  ditle  dip|>c<l  in 
clean  water  occasionally,  and  then  wiped  to  see  how  the  grind- 
ing imtcccds.     To  receive  tlic  excess  of  emery  and  water, 
which  is  tjurc  to  escape  over  the  side  of  tlie  plate,  a  clolh  may 
be  phtced  around  it,  ur,  what  is  best,  i^  to  Iiavc  the  plate 
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fixed  into  a  block  of  wood  in  Oic  sauic  maimer  as  a  hone. 
If  the  eJguB  riitjuirc  to  be  jiolishcd,  after  having  been  ground, 
lliey  may  be  rubbed  upon  u  flat  jiiccc  uf  wood  covert'd  with 
buff  leutbcr  tliat  liaa  been  iu»prcgnate<l  with  putty  jwwder, 
water  being  used  in  the  aawu  iitauucr  as  wllii  thu  emery.  If 
u  hirgc  quantity  of  slides  be  required,  the  process  of  grinding 
will  be  fucilitatcd  by  employing  u  lapidar)'*8  wheel  or  mill, 
charged  with  emery ;  the  polishing  may  also  be  done  in  the 
same  ajiparatus  by  U;*ing  a  wooden  wliccl  clutrgiKl  with  putty 
powder.  If  the  slides  be  intended  to  be  covered  with  paper, 
the  grinding  of  tlie  edges  may  be  dispensed  with,  as  tlic  jm^wr 
will  hide  all  inequalities  of  surface. 
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ON  CUTTING  THIN   GLASS  FOR  C0VEK9,  ETC, 

The  tliinghi&s  umployed  to  cover  uucroscopicol  prpparations 
is  manufacturetl  only  by  Messrs.  Chance,  of  Birminghum,  it 
may  be  procured  uf  various  degrees  of  thickness,  from  the 
one-twentieth  to  less  than  the  one-hundredth  of  an  inch ;  being 
unanucaled,  it  must,  on  account  of  its  brittlcnces,  be  liandled 
witli  core.  For  cutting  it,  the  boarc]  described  at  page  202 
for  the  thick  gluse  may  be  usctl,  or  a  smaller  one,  eonsidting 
of  a  piece  of  nmhc^^y  about  eight  inches  long,  three  bruud, 
and  a  quarter  of  an  inch  thick,  with  a  nu8e<l  edge,  as  repre- 
sented at  c.  The  lines  t;  /  ^,  in  fi-ont  of  tlic  raised  cdgCj 
should  abo  bo  present,  to  imUcate  tlie  length  and  hrcmlth  of 
two  slides  of  the  size  most  conunutily  uihxI,  and  to  form  a 
guide  for  cutting  the  covers.  As  il  matters  little  if  the  covere 
be  not  cut  exactly  of  tlie  same  size,  one  narrow  ruler  will 
gcncndly  suffice  for  all  purposes. 

The  diamond  to  be  employed  nmrt  be  the  writing  oni^ 
having  a  sharp  point,  but  the  pressure  exerted  ought  to  be 
slight,  OS  tlie  thin  gtn^x,  from  not  being  annealed,  is  apt  to 
break  with  the  slightest  touch ;  should  tlie  0]>cratvr,  however, 
not  be  provided  with  a  writing-diamond,  the  gloss  may  be  cut 
with  a  plough-diamond  by  laying  it  on  a  piece  of  platc-gUw 
that  has  been  wetted,  a  plan  first  adopted  by  Mr.  Woringtoo. 
Tliia  will  fill  upall  iuciiualitics  and  cause  an  adhesion  between 
them,  and,  with  a  little  caiv,  the  (Uamond-ix^int  will  cut  it, 
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but  if  the  6rst  stroke  fnil,  Ihe  operation  must  he 
until  a  6cmtcli  U  mailc,  ba  it  ofWii  Impiicni*  tltai,  from  the 
lianlno^  of  the  Hurfocc  of  the  unAnncaletl  glass,  a  ploag^- 
OUiniond  will  not  readily  mark  it. 

To  Cut  Circular  aitd  Oval  Covers. — This  mav  be  done 
cither  hr  a  marhine  in  which  a  plane  surfiicc  of  wood,  on 
which  the  glass  is  laid,  is  uindc  to  revolve  in  a  circle  or  ostl 
undemeittii  a  di]uiioiid-[)oint,  or  by  the  writing-diaiuond ; 
in  which  latter  ca«e  a  model  of  the  size  of  the  rover  will  be 
re<Luire<l  In  order  to  cut  circles,  the  following  {lUn  htfl 
been  adopted  with  great  succesfl  by  the  author: — )Sa.  or 
mtirt*  flat  pieces  of  braes,  each  about  U  Inch  equorc  and  ^V  ^ 
an  inch  thick,  are  to  be  provided,  each  having  a  hole  in 
ite  centre,  the  smallest  hole  to  be  about  ^  an  inch  in  diameter, 
that  in  a  second  -jV  of  an  inch  Inrgcr,  and  so  on,  incrcaang  by 
the  Kiune  nnitiunt  up  to  the  eixth;  i^-ucJi  piece  of  Lrode  should  be 
marked  with  a  number.  One  of  these  being  laid  upon  the  thin 
glans,  and  preiided  finnly  down  with  the  Bnger,  tlie  diamond 
18  to  be  pasbcil  round  the  margin  of  the  disc,  core  being  taken 
that,  in  tlie  (MSijing  round,  it  be  made  to  revolve  on  it«  own 
axis,  otherwise  the  beginning  and  end  of  the  cut  will  nol 
join,  a  little  practice  %\-ill  soon  overcome  tliie  obstacle.  By 
this  plan  any  odd  pieces  of  glass  may  be  cut  up  and  put  away 
in  boxes,  each  being  marked  ^^'ith  the  numher  of  the  hnus  em- 
ployed in  the  cutting.  When  oval  cover*  ore  required, 
pieces  of  brass  with  oval  holes  may  he  used  in  the  some 
maimer  aa  the  olJiers.  M'lien  a  number  of  discs  of  the  snroc 
size  arc  required,  it  it;  advisable  to  have  the  tliin  glasecut  into 
strijw  a  litilc  broader  than  tlio  circles  arc  to  be,  liic  circles 
when  cut  can  then  be  readily  separHte<l  from  the  surrounding 
ghtw;  but  should  any  difficulty  arise,  a  few  etrokee  miulc  by 
the  diamond  through  the  lai-gcst  and  uio^t  attached  parti^  will 
readily  cause  tlieir  separation.  Much  of  the  thin  glaas  uwd 
for  covers  is  slightly  curved,  care,  therefore,  is  requu-ctl  to 
select  those  pieces  tliat  arc  the  flattest,  especially  when  the 
covers  arc  destined  for  cells  containing  fluid ;  if  they  be  not 
Bat,  the  gokl-sizc,  or  other  material  employed  to  cement  the'r 
etigefl,  will  be  certain  to  run  underneath  llicm.     When  tJie 
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edges  of  the  covers,  whether  cireiUar  or  otherwise,  are  not  cut 
sulficicjitly  well  to  nUow  of  Uie  fragmentfi  being  scpnrutoil 
fnim  ihem  rc«<lily,  but  little  pieces  of  gliiM  ore  left  behind, 
u  fine  file  rubbed  over  the  edges,  will  moke  them  smooth, 
nnd  any  of  the  cements  will  adhere  more  firmly  to  them- 
Fur  this  purpose  the  cover  sliould  be  held  between  the  thumb 
and  Brat  finger,  and  only  a  small  portion  of  the  ec^e  allowed 
to  project  above  the  liugcrs  fur  the  file  to  act  on  at  a  time; 
by  these  meanit  there  will  be  but  very  little  risk  of  fracture. 

The  methotlfl  above  described  are  Tery  Ubofut  when  the 
operator  in  in  pott^icu^aion  of  a  writing  diamond  onlv ;  but  tlio 
following  very  ingenious  iustrumeDt«  have  lately  been  con- 
trived fur  the  express  purpose  of  cutting 
circular  covers.  The  first  of  theee  is  the 
invention  of  Mr.  Shatlbolt,  ami  is  repre- 
sented in  fig.  171.  It  consist*  of  a  cen- 
tral stem  of  stcci  wire,  rt  a,  sliding  freely 
in  a  tube  of  brass,  ff.  To  the  upper  end 
of  the  wire  is  nttochtd  a  disc  of  ivory,  r, 
and  to  the  lower  a  small  cylinder  of  box- 
wood, d;  to  the  lower  end  of  tlie  tube,  ft, 
is  fastened  a  piece  of  brass,  e,  tIiroii|^ 
which  is  made  to  slide  a  emiUl  triangular 
bar,/,  carrying  at  one  end  u  semicircular 
piece  of  brass,  //,  through  which  stlidea  a 
steel  pin,  A,  armed  with  a  diamond  point; 
1/  the  jiin  may  be  fixed  at  any  required 
height  by  the  screw,  i,  imd  the  bar  also 
(when  rvgixlatcd  for  the  size  of  circle  to 
be  cut)  by  the  screw,/  The  use  of  the 
instrument  Is  ob%-iotis,  the  cylinder,  d,  being  placed  in  an 
upright  position  upon  the  piece  ot'  thin  gloss,  and  the  arm,  /, 
adjusted  to  tlic  rcfjuired  size  of  the  cover  to  be  cut,  a  finger 
of  the  left  hand  is  to  be  placed  upon  the  disc,  c,  and  one  of  the 
right  upon  the  edge  of  the  larger  disc  of  wiwd,  k  ;  \i'  tliis  last 
be  revolved,  it  will  carry  mth  it  the  arm,  bearing  the  diamond, 
Hjid  a  little  pi-acticc  will  enable  tlie  opemtor  no  to  regulate  the 
pressure  of  the  latter  u|>on  the  gluo^,  a^  to  make  a  perfectly 
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OTon  cat.  Mr.  Shadbolt  bu  Utelj  done  swaj  with  tlx  ^ 
of  wood,  K  ttiid  Ruule  the  tube,  b,  much  Imrgcr  mx  xbmx  fttu 
and  ifivcu  it  an  hcxAgcHul  ^;are,  fike  that  of  Dm  6g,  173,iDr 
tbe  fingers  to  act  upon.  Hub  pbn  wmrets  as  wdl  m  ik ' 
<Uk',  unci  the  ioBtniinent  in  confleqnenoe  eaa  be  padoed  m  i 
uiuuh  dinaller  oomput. 

An  inBtrumont  Bomcwhat  nmUar  to  the  above^  but  ka 
oofltly^  luu  Tor  a  long  time  been  furniibed  by  Blr.  DaHcefi 
who    hftfl  jO«o    contrived    one  uf  a   more    oomplete  laDd» 
wludt  U  fitted  to  Uic  top  of  a  bo3c,  and  tbe  oential  Man 
U  luiipoited  by  ao  arm,  by  which  it  ia  kept  in  a  TCrtieil 
ptuitioii.     Tho  diamond  is  connectod  with  an  af^mtable  htb- 
zuntal  arm,  and  is  nmdo  to  revolve  by  meane  of  two  poBe^ 
(Uid  a  connucting  baud.     The  ^Iasb  to  be  cut  is  bud  opoe  a 
piece  of  plate  gbuM)  blackened  on  its  under  eur&ce,  whid 
foniM  part  of  tlic  cover  of  Utc  boXt  and  the  tUamond  b  ke^ 
away  from  tlio  thin  glass  by  mcona  of  a  spring ;  but  in  order 
to  riMidor  Uie  instrument  more  cflbctivc>  an  extra  Bnger  wot)  * 
ct*ntnLl  stem,  to  keep  the  tltln  glass  in  pUee,  are  required. 
On  tluM  account,  Uie  u|i|»iiraluij  represented  by  iig.   172,  u 
oontr'tved  by  Mr.  Thomaa  liosa,  will  be  found  to  perform  mofe 
readily.     A  bent  ann  of  bmss.  A,  ia  supiwrtcd  by  means  of  a 
aqunro  block  of  wootl  upon  a  base,  D.     Through  the  ooUsr, 
V,  pOMoa  a  stem,  which  is  of  octagonal  6gure  at  D  for  the 
6ngox%  and  cylindrical  at  K.     Upon  this  latter  part  slides  a 
•pring  bojc,  F,  having   a    piece   of  cork  or  India  rubber  at 
iu  free  extremity.     An  horizontal  arm,  G,  supporting  tbe 
Bpring  box,  M,  tlirough  whieh  slides  the  stem,  I,  carrying  tbe 
bur,  K,  of  the  diti^ioad,  L^  Is  capable  of  being  adjusted  for  the 
diameter  of  the  cover  by  means  of  a  screw.     The  UM  of  the 
inatrument  is  obvious ;  the  ghwa  is  hud  upon  the  foot,  B,  and 
tlie  proper  size  having  been  fixed  on  by  means  of  the  scale,  M, 
the  stem,  E,  is  pressed  down  upon  the  glass  firmly  by  the 
fingers  applied  at  D.      In  onler,  however,  to  prevent  llie 
pFBBBiin)  fri>m  cracking  the  gkss,  tho  spring  boxes,  F  and  II. 
have  been  employed,  so  that  however  much  force  be  applied 
at  I),  the  ilinmond  luid  central  piece,  F,  only  press  upon  the 
by  tht;  force  of  the  two  springs  contained  in  the  boxes. 


METHOIW  OF  CKMENTISG  C£LX3. 

TfiRRR  are  three  priucijMil  methods  of  niountJiin^ 
prcimnitions : — Bret,  in  tlic  dry  way  ;  ^cond,  iu  aome  kind 
preser\-attve  Huid,  such  as  spirit  and  water,  or  Gosdby's 
other  solution;  and  tiiird,  in  Canada  baUam.  In  the  fin*' 
method,  all  thai  is  generally  required  is  a  slip  of  ^oss  or  a 
slide  (as  it  ia  commonly  termed),  and  a  corer  of  ihin  glass; 
hut,  iu  the  second  method,  when  the  objoi-l  ■«  of  any  thickness, 
the  fluid  requires  to  he  containe<l  in  some  kind  of  reaerrtnr, 
whi(^  is  moat  frequently  mode  of  glass,  and  l»  called  by  tnicrct-| 
scopists  a  eetl.  Of  these,  various  shapes  and  sizes  vnU.  be  found 
tioccHsary,  hut  nn  all  require  to  be  fastened  to  a  slide,  by  means 
of  some  kind  of  cement,  it  will  he  as  well  here  to  describe  iho 
miwt  approved  methods  of  conducthig  tlie  operation. 

Methinl  of  Ccmvntimj  Cells  without  Heat. — Tlie  thJn  glaw, 
the  tubular,  the  drilled,  and  all  the  other  forms  ofcclU  pre- 
sently to  be  describctl,'  luuy  be  fastened  to  a  bottom  ghws 
or  slide  by  means  of  one  or  other  of  tlie  following  cements, 
viz.,  a  mixture  of  gold-eizc  and  lamp  black,  or  goId*^ze  and 
litliorgc  or  rcd-lcail,  or  a  solution  ofupphaltum  in  tnrpe.nUne! 
in  ftU  thopo  cases,  the  parts  of  the  cell  that  are  to  be  cemcutoil 
inufit  he  simply  pnintcd  over  with  a  tolerably  thick  layer  of 
unc  of  tite  above  cements,  and  then  be  laid  on  tlie  slide,  and 
be  put  Oflidu  until  the  cement  ie  sufhciently  hard  for  the  cell 
to  Ih;  uw^d,  which  will  often  require  many  days. 

Vrmentintf  Cells  bif  Heat. — The  moat  cfficjwious  plan,  how- 
ever, is  to  employ  one  of  two  substances  known  in  commerce 
M  Canada  balsam  or  marine-glue,  both  of  which  mnst  be 
li([U(!6i}d  by  heat,  and,  to  cflfcct  this,  a  simple  apparatus,  such 
na  a  small  plate  of  sheet-iron,  supported  in  some  way  or  otJier 
over  a  lainp,  must  he  provided.  Tlie  size  of  tlie  irun-platc 
slumld  be  largo  enough  to  hold  slides  three  inches  long  by 
one  wide ;  it  can  be  supported  in  viu-ious  ways;  if  the  plate  be 
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about  five  inches  aciiinrt;,  it  may  xcry  well  he  hcatetl,  cither 
upon  the  ring  over  a  chemical  argnnd  Inmp,  or  upon  one  of 
tho  riiifp*  of  a  rctort-atund,  and  a  spirit  lamp  use*!.  By  fur 
the  host  plan  is  to  iiave  a  piece  of  wrought  iron  about  six 
inches  long,  two  and  a  lialf  inches  broad,  and  one-eighth 
thick,  with  small  legs  to  support  it,  about  three  inches  from 


Fig.  173. 

the  table;  tlie  Ic^s  for  convenience  of  carriage  (as  shown  in 
fig.  173)  arc  jointed,  and  under  the  labU'  a  spirit  lamp  ib  placed 

l_    to  heat  it. 

f  WhilBt  (he  plate  ia  beii^  made  warm,  the  cell  and  t)w 
nlidc  to  which  the  cell  is  to  be  cemented,  are  to  be  laid 
upon  it,  uud  uu  the  sidcH  uf  the  cell  small  pieces  of  marine, 
glue,  cut  cither  into  lumps  or  sharings,  are  to  be  placed ;  these 
must  be  watched,  and  as  soon  as  they  begin  to  melt,  they  may 
be  moved  one  towards  the  other  with  a.  sharp-iwinted  instru- 
ment, 60  Q8  to  cover  the  whole  of  the  surface  which  is  to  be 

H  cemented ;  as  soon  as  this  is  done,  and  tlic  glue  i^  seen  to  boil, 
the  cell  may  Ixt  taken  up  with  a  pair  of  forceps  and  turned  over 
upon  the  slide,  and  when  it  has  been  adjustctl  to  its  right  phico, 

^B  it  may  then  be  firmly  pressed  down  upon  the  slide  with 
a  piece  of  flat  wood,  so  that  all  tlie  superfluniu4  glue,  with  any 
ftir  bubbles  that  are  present,  may  be  squceze<l  ont.  The 
cell  may  now  bo  removed  from  tlie  plate  and  placed  ujMin  n 
piece  of  wood  ;  before  it  gets  cold  the  superfluoiisgluc  may  U: 
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scrapcU  away  easily  with  a  Btnall  cbiseK  such  as  repreaePted 
by  6g.  174,  or  by  a  knife,  but  if  this  openvtion  be  left  until  the 


Fig.  174. 

cell  is  cold,  the  taek  then  will  be  more  difficult.    Aa  mtM 
the  cell  ie  cold,  a  mnnll  quantity  cither  of  a  wenk  solution  of 
potaeh,  or  even  spirits  of  wine,  may  be  poured  into  it,  and  all 
the  eniall  particles  of  glue  rcmovwl  firrt  with  the  chisel,  and, 
secondly,  witli  a   chiacl-like   piece  of  wood,   having  a  thitt^M 
piece  of  rag  over  it,  so  that  the  cell  may  be  freed  both  front ^^ 
the  cement  and  from  any  greasy  matter  Uiat  amy  be  prc«enl 
(care  being  always  taken  that  the  glaw  be  not  scratched). 
The  cell  may  now  be  rinsed  out  with  clean  water  and  wiped 
dry,  first  with  a  cloth  or  an  old  cambric  handkerchief,  and       , 
finished  with  chamois  leather;  it  is  now  ready  for  uae.  ^H 

When  the  glue  hae  been  heated  too  much,  it  tume  block,^^ 
becomes  tough,  and  will  not  stick  to  the  glass;  when  this  hai- 
hapiicned,  it  it»  U^tter  always  to  take  away  the  cell,  scrutx!  off 
all  the  old  glue,  tind  begin  afresli,  tlian  attempt  to  cement 
it  with  glue  tliat  has  been  over-hcuted  and  loet  its  fluidity. 
Ajs  soon  as  the  glue  boils,  no  time  should  be  lost  in  laying 
down  the  cell  in  its  proper  place.  Sometimes  nuall  black 
gritty  mas6ce  arc  present  in  the  glue,  theee  aliould  be  re- 
moved whilst  the  melting  is  going  on,  as  when  they  arc  left, 
unless  they  can  be  crushed  by  pressure,  they  will  prevent 
the  cell  from  coming  down  flat  on  the  gloss,  and  often  large 
air  bubbles  will  appear  when  the  pressure  is  token  off.  Hiere 
arc  many  kinds  of  inarinc-gUic  in  use,  but  tlic  best  for 
cementing  cells  is  that  known  in  commerce  as  G.  K.  4,  this 
melts  nt  a  temperature  sonic  few  d(^;rce8  higher  than  that 
of  boihng  water,  the  harder  Idnds  get  brittle  by  keeping,  and 
tlicir  melting  jwint  is  much  liigher.  Wliilc  the  plate  is 
warm,  and  nil  the  materials  arc  nt  hand,  it  is  best  to  cement 
tt  number  of  cells,  all  of  which  may  be  cleaned  and  put 
ready  for  use,  ns  it  will  lie  found  in  practice  nooessory 
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luiTe  MTeml  sixes  in  ^tore,  thnt  an  object  nuiy  b«  mnuntpd 
ipeedlly,  for  many  valuiiulc  tilings  arc  laid  by  uid  t'orgiltteit 
when  ilio  trouble  «)i^'  nittkinj;;  ami  (>h-uni»^  »  colt  liatt  to  be  gone 
thmugh  before  the  uiuuutio}:;  e«n  bo  aecouipli^it'iJ. 

To  Crmrnt  Cells  with  Cajiatia  Balsam, — The  iron  plate,  the. 

Bpint  lump,  and  the  ti>ul»  uieutiuucd  in  the  ui'ticle  on  cemenl- 

injT  cells  with   niarine-glufl,  will   nil   be  ns   requisite  for  the 

Canada  IjuUiun  us  fur  the  furmer  material.     'J'hc  plate  is  also 

K  to  be  wurnieil,  and  I'le  cellii  laid  on  it,  n»  there  deflcriheiK  but 

H  upon  the  aides  of  the  cell    dome  old  but  semilluid  Caniuhi 

liidaoin  is  to  be  (ilueed.    Aa  boou  aa  it  bIiows  the  lejut  symptom 

of   boiling,  whieh  is  known  by  the  disappenrauee  of  all  nir 

^  bubbles,  the  cell  may  lie  tJikeii  up  with  the  foreepe  anil  laid 

f  U|Hm  tlic  a)ide»  pressed  to  get  rid  of  the  surperfluous  balsam, 

and  then  set  aside  to  eiM)l ;  tho  sujierfluous  balsam  may  lie 

removed  with  the  knife  or  chisel,  and  the  eell  may  Ijc  cleane4l 

with  arag,  dip|M;d  either  into  turpentine  or  ether.     Tn  get  rid 

of  these,  the  |>otash  or  aleobol  may  be  substituted,  and  when 

the  cell  is  rinsed  out  witli  dean  water,  and  wipt^d  dry  with  a 

rag  and  clumtoii^  leather,  it  is  reaily  for  use.     Citnadu  baUiiu 

is  not  «o  good  ior  the  ecmonting  of  cells  ae  the  morinc-glue, 

I  in  consequonec  of  its  getting  brittle  by  h^  ;  some  consider- 
able cai'C  even  is  required  in  handling  prepamttons  that  have 
been  mounted  only  a  few  years,  us  llie  least  jivc  or  bending  of 
tho  slide  to  which  the  cell  is  cemented  \a  ofU'D  attended  with 
«  aeparation  of  ttic  ItuUam. 
It  should  always  be  borne  in  mind  ihnt  the  heated  slide  to 
which  the  ct'll  has  been  cemented  must  not  l>e  touched  with 
a  damp  han<I,  neither  should  it  be  laiil  ou  metal  or  any  thing 
wot,  as  the  glatui,  when  siitkleiily  coole<],  is  very  apt  to  crack. 
If   the    upper    part    of   the    cell    be    uneveo,    it    should    be 

■  rubbed  on  the  nieUil  plate  describe<l  at  page  264  nntil  it  is 
pL-rfectly  level,  as  the  success  of  tlic  0)>eration  of  cementing 
down  a  cover  will  materially  du|»end  upon  this  point. 
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The  ccmcnta  employed  to  fasten  down  the  covers  ofccUa 
VioxcB  for  contnininp  microscopical  prepjimtinna  mounted  in 
fluid,  iiru  of  oituxy  kinds,  ilic  moat  uBclul  of  thcin  being 
follows : — 

JnjHtnnrra  Gotd-Size. — This  con^tfi  of  a  mbctUTx:  of  boQed 
linHccil-itil,  dry  rt'd-lc^,  litharge,  copperaa,  gum  animi,  andj 
tiirjiontiikc;  the  firat  and  hiet  ingredients  bciu^  its  priucip 
oonHtiluuiit»,  it  can  Ik;  purchased  at  most  iiho[M  when;  vamialiefl 
ftTG  tiold,  but,  as  iU  dr>'inp;  properties  increase  with  its  o^,  il 
is  neccHMLry  Uiat  it  be  two  or  tlirce  years  old   before  it 
employed.     It  should  be  laid  on  with  a  ciunel  or  sable-haiffj 
poneilf  and  be  kept  in  a  wide-mouthed  or  other  rial,  closely 
corked.     A  thin  coating  should  be  hud  on  at  fir»t,  and  when 
this  is  dry  another  ratlicr  thicker.     If  the  gold-BiKe  be  tci 
thin»  a  small  qiuuitity  uf  lam[>-'black  or  litharge  may  be  mixed'] 
with  it  on  a  elnb  by  means  of  a  palette  knife,  and  as  tlitsi 
mixture  very  soon  dries  it  should  be  uwd  quickly.    The  bnii>.h 
employed  with  eitlter  of  the  above  cements  may  be  cleaned 
with  turpviitine. 

Sealiaff'itajt  Varnish. — This  is  made  by  dissolving  sealing- 
wax  v\'  ftny  coluur  in  alcohol,  it  having  jireviously  been  broken 
into  email  pit-ces.  Thiti  cement  ie  not  so  good  tis  tlic  gold-cue* 
in  consequence  of  not  sticking  readily  to  tlamp  8urf:u?e8,  hut 
it  forms  on  excellent  materia!  for  giving  n  shiny  culourvd 
coating  as  a  finish  to  the  mounting  of  an  ohje<;t.  It  is  liud  on  ^^ 
witli  a  small  brush,  and  should  be  tightly  corked  to  provcnt^^| 
the  epirlt  from  evaporating ;  the  bnit^h  may  be  cleaned  with 
alcohol.  Siine  ften^ons  prefer  shcll-hu;  to  staliog-wai  for  a 
cement,  but  it  will  be  found  rather  too  brittle ;  the  method 
of  using  and  keeping  it  is  tlie  same  as  in  the  cose  of  the  seal- 
ing-wax. 
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Aapkaltiim. — Tli'tit,  winch  Ibrrae  a  very  pxA  ronicnt,  is  made 
by  (lifi^nlving  K^yptinn  lUtphaUuin  in  iMiiltn;;  liiiseod-oil  or  iti 
iurpentine;  it  aiittwcrc  very  well  tor  the  first  cjxiling,  but  Ints 
no!  sufficient  body,  unless  mixed  with  ftomc  solid  material,  to 
form  the  entire  niafi^  of  cemcut  around  the  covers  of  objects; 
it  19  of  a  fine  black  colour,  and  as  such  will  scr^'e  for  the  but 
or  finishing  cooting.  A  Bolulion  of  this  eubetoncc  in  tur- 
pentine win  make  a  good  cement  for  fastening  cells  to  the 
rrlas8  slides,  inetc:i'l  of  the  niariBC-gluc  or  Canada  balsmi, 
having  this  advantage,  that  spirit  may  be  employed  oa  tlie 
preaGTvative  fluid  without  injury  to  it 

Canada  /ialvtm. — A  solution  of  this  substimce,  either  in 
ether  or  turpentine,  evaporated  to  such  a  consistence  as  -is 
sufficient  tu  allow  of  its  being  laid  on  with  a  cantelVhair 
pencil,  has  been  recommended  by  Dr.  J.  W.  Griffith  as  a  verj' 
good  suhHtitute  for  the  pold-tuw;  a  mixture  of  lani]>-b1:K>k 
and  wliitc  hard  varnish,  when  laid  on  immediately,  he  also 
considers  a  good  cement, 

Mfirini^Glue. — This  most  useful  cement,  the  invention  of 
Mr.  .leffery,  is  composed  of  a  mixtui'c  of  ehell-lnc,  caoutchouc, 
and  naptha ;  many  kinds  aro  made,  but  that  known  in  com- 
merce OS  G  K  4  is  the  best  for  microscopic  purposes ;  a  solvent 
for  it  is  supplied  at  the  uinuufactory,*  and  will  be  fmuid  of 
grea,t  sen-ice  to  those  who  wish  to  constnict  any  of  tlie  larger 
kinds  uf  cells  or  boxes.  When  alwrnt  to  be  used,  tlie  glue 
must  be  cut  into  thin  slices,  laid  on  the  glass,  and  heated 
until  it  bt^ins  to  boll,  or  a  hot  iron  may  be  placed  on  one  of 
the  surfaces  of  tlic  glass  until  the  same  effect  is  produced ;  if 
any  gritty  jKirticIcs  be  present,  they  must  be  removed.  To 
ensure  a  firm  connection  between  two  surfacM  of  glass,  both 
must  be  well  wanned,  otherwise  the  glue  will  stick  to  one  and 
not  to  the  other.  The  excess  may  be  remove*!  re:idily  before 
it  is  quite  cold  by  means  of  the  chisel  described  at  page  272, 
and  all  trace  of  tlie  remainder  by  the  employment  of  caustic 
potash,  cure  being  tuJken  thai  noue  of  the  Utter  be  letl  in 
contact  with  the  glue,  as  it  is  apt  to  insinuate  itself  between 
*  Commercial  Rowl,  I.tniuhouse. 
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the  two  cementcil  nurfaccs,  and  cauM:  tlioir  seporatJoii  In  & 
short  space  of  time. 

Kieetriml  Cfmmt — A  very  useful  rcmcnt  for  Bome  pui 
herciiftcr  to  be  described,  is  mado  by  melting  10|retiier 
ounces   of  resin  and  two  oiinccH  of  beea'-wax,    lulding 
ouncea  of  red  ochre  nod  a  teaapoonfidl  of  plafter  of  Pc 
this  cement  is  generally  employed  fur  fastening  bnu«s  or  wood 
to  gloss  in  nil  kinds  nf  electrical  apparatus ,-  it  miut  be  u^^| 
when  hot,  mid  can  i-cadily  be  fashioned  into  any  shape  befe^^ 
it  gets  quite  cold.     Another  very  excellent  }iut  leas  brittle 
cement  is  made  by  melting  together  two  ouncca  of  black 
one  ounce  of  bees-wax,  and  one  ounce  of  vermilion  ;  this 
be  us<>ful  for  making  the  ihin  Hat  celk  described  at  ]>agc  : 
OS  well  as  tor  many  other  pnrpoaeab 

tieTeml  other  ecmcnts  will  be  required  occasionally  by 
niicroecoptst,  viz.,  a  thick  solution  nf  gum  arable  in  water, 
vhich  a  small  quantity  of  e:>8ential  oil  lioii  been  added,  to 
prevent  it  from  fcrruenting  and  becoming  sour;  al«o.  tlie 
same  powdered  and  dit«solved  iu  acetic  acid  or  ilislilk-d  vine* 
gar ;  as  a  substitute  for  these,  the  liquid  sold  by  MessTS. 
Ackormnnn  as  diamond  crmffif  will  be  found  of  great  vulu^H 
Iwtli  as  a  cement  and  as  a  fluid  for  mounting  some  kindtn  fl^l 
objects,  ^{astich  varnish  is  also  very  useful  for  cementing 
opaque  objects  to  discs  of  cork  or  leather,  or  to  any  of  the  otl: 
kinds  of  surfaces  on  which  they  are  intende<l  to  be  mountcdi' 

For  covering  slides  with  paper,  common  paste  ia  a  goml 
cement,  but  as  it  poon  gets  mouldy  and  sour,  the  following 
uiisture,  employed  by  Mr.  Jackson,  is  a  good  substitute: — 
Powdereil  gum  tragacanth,  \  oz. ;  powdered  gum  arabic, 
2  oz. ;  white  sugar,  2  oz. ;  mixed  and  kept  in  a  dry  atatp. 
When  wanted,  mix  up  a  small  quantity  with  water  by  means 
of  a  brush,  cnlle<l  by  painters  a  "Jitck  tool,"  and  il"  what  is  not 
used  be  kept  iu  an  open  shallow  vessel,  it  will  dry  before  it 
becomes  mouldy,  and  may  readily  be  rubbed  up  again  wi 
water. 

White-lead,   ground   in   linseed-oil,  will  be   required 
making  the  cells  dpjwribed  at  page  28C ;  this  should  be 
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but  free  frucn  idl  ruii^li  jHirtit-les;  it  may  be  mixed  up  on  a 
slab  with  a  suiall  quantity  of  f;oId-«ize,  and  U'  a  little  litharge 
be  added,  it  wtU  dry  iiiDre  readily. 

Hceidcs  the  above  described  ccuients  there  arc  a  few  others 
eo  utHiful  UM  to  require  meution  hero.  The  fir^t  of  Uicso  is 
known  in  commerce  as  Stu/ffittU  Liquid  Jet;  it  ia  said  to 
he  a  dolution  of  bituminous  t^halc  in  naptha :  this  cement 
dried  in  a  few  minutes  and  is  aduiirubly  suited  for  making 
lliiu  eellti  tm  well  a^^  for  securing  tiieir  movent,  neither  spirit 
Oor  turpentine  act  upon  it.  It  shoiUd  be  kept  tightly  corked* 
and  only  a  small  ijuauuty  exposed  at  a  time. 

CfHichtiuikiri  Black  Varnish  may  be  employed  as  a  substi- 
tute for  the  above,  but  it  does  not  dry  quite  so  quickly ;  this 
can  be  obtained  of  any  varnish  maker ;  but  that  sold  by  Mr. 
Pcnucy,  251,  Tottenham  Court  Koad,  id  very  excellent. 

Bi^icA  Japan  is  a  good  cement  for  making  thin  cells  by 
Mr.  SImdbolt's  niacliine,  described  In  |>agc  288 ;  it  poeaeasea 
the  property  of  becoming  very  hani  and  tough  by  exposure  to 
a  gentle  iieut  in  an  oven.  The  cells  of  Mr.  Topping,  also 
described  in  page  288,  are  prejKired  uf  lliis  uinterial. 

In  all  case8  where  any  of  the  above  dest^ribed  cements  are 
used,  it  must  be  borue  in  mind  that  too  much  should  nut  be 
laid  on  at  once,  a  thin  coating  at  first,  and  a  thicker  when  the 
first  is  dry. 
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ON    PKESEKVATIVE    FLUIUS. 


Tire  preeervfttive  fluids,  like  the  cements  before  described, 
rcqturc  to  be  vuried  according  to  the  nature  of  tlie  structurvH 
they  mny  be  employed  to  conserve ;  thus,  for  instimce,  a  sulu- 
tion  uf  atilty  nlum,  and  eorro^ive  sublimate  in  water,  thnt  will 
keep  most  fleshy  eubfitanct'S,  will  destroy  otliera  that  ctmtnin 
bone ;  hence  it  becomes  necessary  to  select  a  diflcrcnt  fluid 
for  each  of  these  gtructure*,  and  of  all  the  vnrioue  kimU  thai 
have  hitherto  been  employed,  with  the  single  exception  of 
8j>irit,  tliere  \s  no  one  kind  that  is  universdly  applicable;  for 
lur^c  preparations,  pruof  ttpirit  will  aunwcr  every  purpose; 
but  as  this  is  rather  too  strong  for  most  of  the  cements  lued 
by  the  microscopist,  it  has  beon  ascertained  that  fur  idl  delicatj? 
structured  there  are  certain  proportions  of  alcohul  and  distilled 
water  tliat  will  be  sufficient  to  prcscne  them,  and  will  uot 
act  in  any  way  eitlu-r  on  the  marine-fjliRs  p:il<l-*ize,  or  nsphnl- 
turn.  The  following  fluida  will  be  found  the  uiost  generally 
wefuL 

Sftirit  and  J^ntiffrtl  fVater. — In  the  proportion  of  one  ounce 
of  ok'olto!  '•(! '  above  proof,  to  6ve  of  di:;tilled  water,  a  fluid 
niuy  be  uimle  that  is  cajuble  of  pretfcr\-itig  not  only  injecttoncs 
)itit  the  elementary  tissues  both  of  nnimaU  und  vegetables,  but 
all  the  coloiuv  of  tlie  latter  will  be  destruyed. 

Acetate  of  Aiumiita,~''r\iii,  when  dissolved  in  distilled  water 
in  tliu  pn>portion  of  one  ounce  of  the  former  to  four  of  the 
latter,  will  preserve  even  very  delicate  coluun,  and  wlieu 
injoctctl  into  the  blood  vcsods  uf  aniuinls,  is  «aid  to  prevent 
dei.'om|Kwitiou,  and  foruia  tlie  M  called  Oamuil  jirocrsa,  em- 
ployed very  much  on  tlic  Continent  for  tlie  pnverratJun  of 
animal  Btrncturcs  on  n  large  scale. 

GihtAlitft  Fltii/ls. — The  first  of  these,  and  the  one  for  which 
Mr.  Ciofwlby  was  rewardol  by  the  Society  of  Arta,  constvts  of 
Cbnr  fmucen  (»f  lay  (vdl,  two  uunee4>  of  alum,  four  gnun:*  nf 

nXMive  t4uliliiiutle,  uiul  two  tpiarts  of  boiling  water;  llicse 
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iii;rn>(lienta  nrc  to  Iw  well  Btirred,  and  the  eolution  very  finely 
filtered.  These  pro^iorttons  f«mi  ii  stronj;  fluid,  but,  if  necca- 
sjiry,  a  much  larjrpr  qimntity  of  wntor  mny  be  ih1«IiiI  without 
any  dimuiiition  of  it»  prcsen-ative  qimlilica.  Another  kind 
runait>l«  of  three  )x)un(k  and  a  half  of  bay  salt,  seven  grains  of 
corrosive  eublimatc,  and  six  quarts  of  water;  thi*i  fluid,  from 
eoutaining  no  alum,  ia  not  so  liable  as  the  former  to  act  on 
fwh  strueturca  aa  shell  and  bone.  Another  kind,  called  the 
arsmtc/d  toltition,  is  made  by  niixiii'^  tugeliier  two  dracluun  of 
nn>(?niou8  acid,  three  pounds  of  bay  wdt,  and  six  ({uart«  of 
wilier;  to  dissoK'e  the  arsenie,  it  tJiould  be  boiled  with  a 
[Mtrtion  of  ilie  water  in  a  tin  eauccpan.  All  the  above  fluids 
should  be  earefully  filtered  before  tliey  nrc  used. 

Soiution  of  Crojsote. — Creosote  does  not  readily  mix  with 
water,  but  if  in  a  very  miuutc  state  of  division  it  may  be 
suspended  in  it:  one  way  of  getting*  a  solution  is  to  mix  it 
with  water  in  a  retort  and  distill,  the  water  vnil  come  over 
lii|^hly  eiiarjjed  with  it.  One  objection,  however,  to  the  use  of 
(liis  tH>lution  is  its  tendency  to  quit  the  water  and  oilhere  as 
a  dc|iosit  to  the  sides  of  the  vessel  in  which  it  is  eontainetl. 
Mr.  Tliwaites,  of  Bristol,*  rcconuucnds  a  fluid  into  which 
cri-osote  enters  as  an  ingredient  for  the  purpose  of  mountinf^ 
prtrpiuutions  of  algiv;  it  is  made  aa  follows: — 

A/r.  Thimitei  FluitL — To  rixteen  parts  of  distillet]  water 
jidd  one  part  of  rectified  spirits  of  wine  and  a  few  drops  of 
creosote,  sufficient  to  saturate  it,  stir  in  a  smull  i]uantity  of 
prepared  chalk,  and  then  filter:  with  this  fluitl  nux  an  equal 
mt^^isure  of  cnmphor-watcr  (wat4T  saturated  with  camphor), 
and,  before  using,  strain  otTT  through  a  fine  piece  of  linen. 

For  the  same  purpose  Mr.  Kalfs  recommends  the  following, 
viz.,  bay  salt  and  alum  of  each  one  ^dn,  to  be  dissolved  in  mo 
<iuniTc  of  distilled  water.  Mr.  Kidfs  also  inlbnus  us,t  that 
Mr.  Sidcbotham  employs  distilled  water  alone  fitr  mounting 
dulii-atc  specimens  of  algw,  and  when  the  lost  coat  of  cement 
it*  nearly  dry,  he  applies  a  fine  bronze  with  a  ciniclVluur 
|H:ueiL 

*  Rnlfs'  DttHudicft,  page  -10. 
t  Oj,.  Ctl.,  pauM  4a. 
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Gly^-erine. — Tli'in  fluid  (the  sweet  pritieiple  of  fiMa a 
lately  recoiiunendod  liy  Mr.  SVaringtno  lor  pTgacrying 
animal  and  ve^cialjlc  ti^ues,  has  nuuty  BdvAiilagos  over 
fluids,  nnt  only  in  keeping  tb«  i^en  colours  of  infiuoriH,  bo^ 
«B  it  cva[)onitc3  very  sluwly,  it  DMiy  be  eitiploTed  in  ccfc 
without  HO  much  rare  l>eing  necesaary  lo  the  cementing  of 
their  covers.  It  is  misoihle  witli  irutcr  id  all  |Kt>(H)(lioM» 
the  moet  convenient  etren^th  fur  upc  wiU  be  one  pArt 
^lyeerine  tu  two  of  distilled  water;  it'  made  weaker  thjtn  tlm^ 
cunler\n:  will  readily  fp^w  in  it  when  exposed  to  the  «lr,  but 
Dot  when  sealed  up  iu  cells.  If  pure  glycerine  be  empltfred 
it  will  act  on  tlie  marinc-^liie,  and  from  its  hii^ly  rcfracliiig 
pro|iertied,  uiuny  delicate  dtructurod  will  be  entirely  loei  in  ti, 
arf  in  Canada  balM;ni.  Tim  \\c&\  glycerinu  \»  procunxl  in  the 
manufacture  of  lead  plaster  (the  emplaptnim  plumhi  oi'  llic 
PlianimcopcDia);  it  aliH>  renininrf  in  ^^reat  ubuodanoa  af)pr  tfae 
fomiatiou  of  Aoaj) ;  hut  in  this  latter  ca«e  it  always  is  mixed 
witli  some  free  alkali,  whit^h  renders  it  unfit  for  use. 

Castor  Oil  wna  first  rcconunendcd  by  Air.  Warin|rton,  in 
1S44,  as  a  medium  for  mounttiig  certain  claeecs  of  ol)jcrt6, 
eApccially  crystAJs;  he  has  also  found  tltat  it  answers  oquully 
well  for  minute  fimg;i  and  parasitic  insects;  before  being  cva- 
ptoyed,  il  shoidd  U;  carefully  examined,  to  see  that _^  it  be  (M*r- 
fcctly  frt^e  (rom  all  crj'stalline  deposit 

Chromic  Aeid  m  useful  for  mounting  H>me  very  dclii-ntc 
prcpuruliuns ;  it  was  first  ueed  by  Mr.  Warinpton,  in  iK4i. 
ns  u  preservative  agent,  beJn^  |iart  of  a  patent  for  n  new  node 
uf  tanning:  it  ha*  since  been  employed  by  Mr.  IViwrmnn  and 
M.  lirucTku  to  liurdcn  tJie  vitreous  humour  of  the  liuinan  and 
other  eyes,  in  order  to  detect  its  real  structure.  Chromic 
iictd  nwy  be  procured  in  tlie  crystalline  state,  and  should  be 
diiwolvcd  iu  so  much  water  aa  will  render  the  tint  of  tl»e 
Mjlution  H  {Kde  straw  colour.  A  much  weaker  solution  than 
this  will  keep  most  autmal  titteue^. 

Halt  and  tt'atrr. — A  solution  made  in  the  proportion  of  fire 
grains  of  aalt  to  an  ounce  of  tlistillcd  water  will  answer  forj 
keeping  very  many  animal  and  vegetable  structuros;  it  was 
first  rccommeuded  by  Dr.  ('ook,  more  tlian  twenty  yeant  afjo. 
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Wp  nre  tnld  tlmt  Mr.  J.  T.  Cooper,*  in  the  course  of  a  scries 
i»t'  cx[K:ninent4  to  ilet«rintnc  the  best  fluid  for  jircserving 
roloureil  tissucft,  also  t'oiind  that  nail  and  wnter,  to  whieh 
ftcctic  acid  had  been  added,  tiiiccecdcd  cxlrt;mcly  well  for  thU 
pnrposo ;  8iich  a  mixture  will  also  answer  tor  most  minute 
vcgctahic  tii!isue8.  The  f^reat  objeetiou  to  the  uae  of  nil  saline 
fluids  is  the  growth  of  confervie  whicli  takes  place  in  them; 
thiu  may,  in  a  great  measure,  be  ovoidcd  by  the  midition  of 
a  few  drops  of  creosote,  or  a  small  quantity  of  camphorated 
water. 

Naptha. — This,  when  mixed  in  the  proportion  of  one  part 
to  seven  or  eight  of  water,  will  make  a  good  preservative 
aolntion*,  the  author,  by  accident,  having  placed  in  water 
some  portions  of  skin  to  macerate,  that  had  been  cuar»ely 
injected  with  a  material  into  which  nnptha  entered  rather 
largely  as  an  ingredient,  was  surprised  to  find  them  |HTfectly 
tree  from  deroTiipositioncTcnafter  the  lapse  of  many  weeks;  the 
water  was  impregnale<l  with  uapllm,  and  the  specimens  were  in 
excellent  condition,  havisig  undergone  little  or  no  change. 

(irnrrai  Directions,  — It  may  here  be  stated,  tliat  for  all  lai'gc 
s|)ccimcns,  such  aa  injectiooB,  the  spirit  and  water,  or 
GoadbyV  first  (»olutinTi,  may  V)e  used  ;  nnd  for  othcre,  cither 
the  creosote  or  glycerine  solutions,  as  those  containing  saline 
matter,  when  placeil  cither  between  glasses  simply,  or  in  the 
thin  glass  celU,  arc  apt  to  crystallize  slowly,  and  interfere 
with  the  objects  that  are  mounted  in  them,  (ioiulby's  solu- 
tion, containing  salt,  atum^  and  corrosive  sublimate,  will  keep 
animal  structures  that  have  been  injected  with  size  and  ver- 
milion exceedingly  well ;  but  those  in  which  the  vessels  are 
filled  with  flake-white  will  have  that  sulMtance  destroye<l  in  a 
few  hours;  in  these  cases,  either  the  arsenical  or  the  spirit  and 
water  only  sliould  be  employed.  The  glycerine  fluid,  when 
kept  for  some  time,  is  ajit  to  become  mouldy;  it  should,  there- 
fore, bo  mixed  in  snuiU  (piautities,  and  then  only  a  few  hours 
before  it  is  recpiireil.  When  objects  are  to  be  mounted  in 
citltcr  of  the  aliove  fluidi«,  it  must  be  laid  down  as  a  rule  tliat 
they  should  have  been  soaking  for  some  hours  in  the  same 

*    tVicnmropifni  Juirnal,  ml.  i.,  \»v^v  114. 
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fluid,  or  in  n  fluid  of  a  similar  kind;  Uita  should  he  more  {xir- 
ticularly  attended  to  wlien  the  prcpnratiuu  luid  tu  uodet^ 
diasection  in  water  previous  to  its  being  motiDted.  It  bu 
oflon  tiaii[>cned  to  the  autJior  to  find  n  prcpanition  tliat  Imd 
been  disscctnl  in  water,  and  mounted  in  a  cell  in  epirit  and 
water  immediutcly  aUcr,  conii»letely  covered  over  with  email 
air  bubbles  in  a  few  hourft,  from  the  alow  admixture  of  the  two 
fluids.  With  Guodby'y  solution  it  doc9  not  bo  often  happen, 
but  with  litis  a  white  t^edimcnt  will  be  aomedmo-s  depomted  in 
the  bottom  of  the  cell  when  the  pre[)aratiou  bus  been  aoalunx! 
in  spirit  for  some  time  previously.  When  the  njwrtttor  hn^ 
more  tbau  one  specimen  of  a  rare  kind,  he  should  not  confine 
himself  to  mounting  them  all  in  one  fluid,  but  sliould  try  such 
others  as  iu  liis  upiuion  may  be  likely  to  euccccd ;  a  note  of 
this  should  be  made  at  the  time  on  the  glaaa  slide,  and  the  date 
of  the  mouuting  also  placed  tliercon;  such  records  will  be  of 
great  service  us  guides  to  futxu^  ojierations. 

In  addition  to  the  Huids  employed  for  the  prcservntion  of 
objects,  there  arc  certain  a<rcnts  now  coining  into  u>!C  which 
are  tjolid  when  cold.  The  Hrst  vi'  these  was  suggested  by  Mr. 
Wenham,  and  consisted  of  a  mixture  of  gelatine  nnd  treacle; 
this  has  since  been  impruvcd  upon  by  Mr.  11.  Deane,wliu,  in* 
|Hi])er  lately  read  before  the  ^Microscopical  Society  iif  Lundou, 
rccommcudct  the  fulIowiiig:^Gelatinc,  1  oz.;  water,  4  ok.; 
honey,  4  or- ;  rectified  spirits  of  wine,  i  oz. ;  creoi^ote,  6  drops. 
Xbc  gelatlue  is  to  be  soaked  in  water  until  soft;  the  honey  is 
to  bo  raised  to  the  boiling  heat  in  another  Teasel  and  added 
to  the  utuiat  gelatine;  the  whole  is  then  to  be  moiJe  boiling 
bot;  when  it  has  somcwliut  cooled,  but  is  still  porfei'tlv 
tluid,  the  creosote  and  spirita  of  wine,  previously  mixed 
together,  arc  to  be  added ;  the  whole  is  then  to  Ik'  filtered 
through  fine  tiannci ;  when  cold,  the  composition  ia  in  tiic 
form  of  a  very  atift"  jelly,  which,  on  being  slightly  warmed, 
bct^omcs  perfectly  fluid.  A  mixttu-c  of  gelatine  and  glycerine, 
aa  suggested  by  Air.  De  la  Kue,  will  also  answer  the  aunc 
purjMwc.  The  mtjde  of  using  these  agents  will  be  described  in 
the  chapter  devoted  to  the  mounting  of  ubjecta  in  Canada 
Udsam. 
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CHAPTER  VL 


METHOD  OF  UOUNTIKO  OBJECTS  IK  FLUIlX 


AiA.  very  delicate  aniiual  and  vegcUblo  tissues,  to  exhibit 
tlicir  structure  clearly,  alioulil  not  \>c  uiuiintcd  iii  tliu  dry  way 
or  in  Canada  balsam^  but  in  sonic  prc8or\'ative  fluid,  such  ua 
opirit  aiid  water,  CioaJby'H  eolution,  or  unc  or  other  of  tho 
Huids  which  hare  already  been  enumerated. 

Tbe  motit  nituute  8tnic(ures,  hucL  as  the  veasclii  of  plants, 
tho  muscular  and  other  tissues  of  animals,  requiring  in  uU 
dues  exceedingly  hijrh  jKtwers  for  their  due  cxliibittun,  tuuiit 
of  nece&fity  be  preserved  in  very  thin  cells,  with  a  small 
ainuuul  uf  fluid. 

Tho  best  method  is  as  follows : — Take  a  slip  of  tliln  plato 
phi**,  of  the  size  mlupted  by  the  Miuroscopical  Sot- icty,  vist., 
llirec  inches  long  by  one  broad,  or  any  other  conveuient  size, 
and  after  having  cleaned  it  thormigldy  by  washing  with  a 
dilute  Bolutiou  of  caustic  poUuJ),  to  remove  all  grease,  let  it 
be  laid  flat,  and  a  drop  of  one  or  other  of  the  preservative 
fluids  presently  to  be  euuuierutcd  placed  upon  it;  in  this  tbe 
object  tA  Lild,  and  after  having  been  properly  spread  out  with 
the  needle  point,  it  is  ready  to  receive  its  cover  of  thin 
glass.  Thid  cover  should  be  selected  with  cjire,  and  Ite*  w 
chin  and  lint  ua  jM>sjjible;  whcu  freed  from  all  grease  by 
being  rubbed  with  caustic  potash,  it  should  be  wiped  with 
a  clean  doth  or  cliamols  leather,  and  when  finished  must 
\ye  held  in  the  middle,  not  with  the  fingerw,  but  wiUi  fon^'pa. 
Tlie  next  part  of  the  process  is  to  touch  its  edges  slightly 
witli  one  or  other  of  the  cements  before  enumerated  (the 
simple  gold-size  will  be  found  to  be  the  best,  as  it  is  mo«t 
free  from  colour),  tlie  cover  being  held  with  tho  forceps,  the 
bruali  or  finger  w^ith  a  very  small  quxmtity  oi'  the  gold-etzc, 
may  be  gently  [wissed  arountl  eacli  edge.  Tins  being  done 
the   next  eteji   is    to  lay  the  cover  u]M)n  the  object,  which 
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u  eflx'Cted  by  ilropping  the  coTcr  genUy  upon  the  6uid.  iml 
pressing  it  lightly  to  excJiiHe  all  the  exceM,  and  Uj  Icnve  cnlv 
a  thin  Htntum  intervening  between  the  two 
gloescs;  the  excoas  may  be  removed  rilherbj 
ilrawing  it  away  by  tlie  sucking  tube,  fig.  175, 
or  bv  ^tnall  slipfl  of  blotting-paper.  AAer  Uiu 
operation  is  6niphe<l,  a  thin  biyer  of  cement  le  Ui 
!.i^  placed  where  the  edges  of  the  cover  coror  in 
cuutaot  with  the  bottmn  glaas ;  when  tha  la  ilrr. 
anuthcr  thin  layer  may  be  put  on,  until  the  BX^ie 
between  the  two  gbuaca  ts  nearly  filled  uj>.  The 
vac  of  auointiug  the  edgoe  of  tlic  cover  with  die 
cement  before  laying  it  on  the  fluid  iti  to  prcvrnt 
ita  getting  wet,  and  by  that  mcang  biodering  the 
rement  from  sticking.  Care  niudt  be  taken  to 
exclude  all  air  bubbles  fmni  between  the  co\'er 
and  bottom  glass,  otherwise  the  cement  will  mo 
in,  especitilly  when  the  bubbles  arc  near  the 
edge;  dliould  too  much  of  tbe  fluid  have  been 
drawn  out  Iroiu  between  the  passes,  and  an  air 
bubble  be  lefl,  it  is  then  necessary  to  add  a  liltic 
more  of  the  Huid  at  the  edge  where  the  bubble 
is,  and  it  will  then  run  in  and  occupy  the  pUce 
of  the  bubble,  and  the  excess  of  ftuiJ  miiy  be 
aguiu  taken  away  in  tlic  manner  before  (K^At^ribtHL 
Objects  mounted  in  thia  way  seldom  keep  very 
long,  and  when  once  an  air  bubble  has  made  its 
appearance,  it  becomes  nccessarj*  that  a  watch 
t>liould  be  kept  u[>on  it,  lest  the  cement  also  run 
111  and  s|H)il  the  specimen.  When  an  object  poeaesaes  any 
appreciable  thitknesfl,  it  is  by  far  the  best  plan  not  to  mount 
it  in  tliis  manner,  but  to  adopt  one  or  other  of  the  following 
uiethiidH,  in  all  of  which  a  small  rcscnoir  is  employed  to 
euiitJiiu  both  the  fluid  and  the  prepamtion;  this  reservoir  is 
tcnned  a  txttt  varioua  fonna  of  these,  which  will  be  particu- 
Iiu-IjmhI  m  the  lliiu  glasfl  cell,  the  concave,  tubular,  and  drilled 
eelU,  with  mimy  nthcre,  here  require  separate  mention. 

In  onlcr  to  prevent  the  cement  employed  in  the  flat  cell 


Fig.  1 7a. 
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from  running  in  to  3{>oil  the  object,  tlic  atithur*8  lute  brutlirr, 
Mr.  l-klwiu  Quckett,  adopted  the  plan  repreaented  Uy  fig.  17^ 
which  was  to  take  a  piece  of  writing  pu|K;r,  about  oui;-ei;;bth 

ol'  no  inch  entailer 
each  way  than  the 
cover  to  Ik?  eui- 
pb>ycd,  and  I'roni 
the  middle  of  this 
to  cut  a  Kquaro  or 


rig.  176. 


wiin 
^-    to  n 


circular  hole  suf- 
ficiently large  to 
bold  the  object.  After  tiie  fluid  bad  been  placed  on  the  slide, 
and  tlie  ubjt.'ct  deposited  in  it,  this  pai>cr  cell  wna  also  placed 
in  the  fluid,  and  when  »1ju8ted  to  the  centre  of*  the  alide,  tlie 
CDTer  was  l:ud  on  in  the  usual  manner,  the  pajicr  prcvcntmg 
the  cement  from  running  beyond  it  to  obscure  tlio  object. 
Following  out  this  principle,  Mr.  Darker  hut)  ingeniously  con- 
trived a  cell  of  the  form  roprcsentcd  in  plan  by  A  B,  fig.  177, 
and  iu  section  by  C.     These  cells  are  cast  in  glass  of  the  size 

represented  by  A  IJ,  and, 
in  order  to  prevent  the 
cement  fn>m  running  in, 
the  sides  are  constructed 
as  aliown  by  G  D  B;  B 
being  the  outer  nuugin  of 
the  cell,  1)  a  flat  suHace 
'*''  for  the  cover  to  rest  on, 

and  G  a  groove  between  it  and  the  inner  margin.  Tliese  ccIIb 
arc  cemented  to  tlie  slides  iu  the  usual  manner,  cither  with 
marine-glne  or  asphaltum  dis8<ilved  in  turpentine,  the  metho<l 
of  cementing  down  the  cover  is  the  same  as  iu  the  uther  forms, 
a  small  quantity  of  gold-sixe  being  applied  around  its  edge 
cither  witb  a  brush  or  the  finger  before  it  is  placed  on  the  fluid 
within  the  cell ;  should  there  be  any  tendency  in  the  cement 
to  run  under  tlie  cover,  it  must  first  fill  up  the  groove  before 
it  can  get  into  the  cavity  where  the  object  is.  The  under 
a<-c  of  tJiis  form  of  cell  can  bi;  ground  suQicicnlly  tliin  to 
fublc  a  quarter  of  an  inch  ubject-glaM  ttt  view  any  object 
ccMitainctl  witliin  it. 
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The  CoNcttnc  Ct^l — This  coii8(8t8  of  ft  elitlc  of  platc-gluRs 
mlhcr  UiirkcT  than  orcliniiry,  in  tliu  centre  of  which  a  concave 
C<?11  or  pond  has  been  grouml  out»  nn<l  either  left  in  the  n>uph 
state  or  [wUsheil ;  it  rany  be  either  of  llic  form  represented  in 
fig.  178  or  fig.  179,  and  tlie  method  of  mounting  object*  in  it 
y.     ..g  16  the  dunie  aa  in  tiic  fiat 

cell ;    a  thin  layer  of  the 


^ 


■y^  goUl-eizG  or  other  oemeni 


Fic  179. 


ia  to  be  placo<l  around  tho 
margin  of  the  cover  a^  in 
thccnacoftlic  flat  cell,  and 
the  cxccM  wijicd  off  with 
the  finger.  The  fluid  is  to 
be  placed  in  tlie  coucavit}'t 
nnd  the  cover  droi)i»ed  on  as  in  the  prccc<ling  dcKriptiuiis,  but 
the  cover  should  be  so  much  larger  than  the  cell,  m  to  leave  u 
margin  of  one-eighth  of  an  inch  around  it.  Thitt  tbnu  of  cell, 
when  polishcti,  does  vcr^'  well  for  many  objects  where  accuraie 
definition  of  the  surface  only  ie>  re<|uircd ;  and,  when  unpul- 
islicd,  is  most  useful  for  thin  opaque  object*,  such  ns  pieces 
of  injcctiou,  leaves  of  plants,  &c,  &c.,  that  arc  too  thick  to  be 
mounted  between  two  flat  pieces  of  glass. 

Hlu'te  J^od  Cell. — A  very  cunveoient  and  durable  form  of 
cell  may  be  niwlc  by  tipreading  some  old  white  leml,  that  hiui 
lH*en  ground  in  oil,  on  ont>  of  the  slides  tliat  measure  throe 
inches  by  one,  taking  care  to  leave  an  aperture  or  pctnd  to 
the  centre  a  UtUc  laiger  than  the  object;  tlie  lead  may  be  bud 
on  of  a  thickness  cquid  to  that  of  the  object.  Spirit  and  water* 
or  otiier  fluid,  is  tu  be  plnced  iu  tlie  |>ond,  and  the  object  de- 
posited  in  it ;  the  thin  glass  cover,  which  should  be  as  Uuge  lu 
convenient,  is  tu  l>c  put  on  obliquely,  and  prenscd  firmly  down 
into  tlie  white  leiul,  taking  care  to  exriude  alt  air  bubbles 
The  uutlwr  has  objects  in  his  posHCssiou,  quite  jK'rfect,  which 
were  mount^tl  t-Ievcn  yearn  ago.  Mr.Williimi  ^'alc^tiIle,wbo 
bus  ailoptcd  tiiip  plan  fur  many  years  with  complete  suoceM« 
lisea  a  little  trowel  of  box  or  other  hard  wood  of  the  ahftpe 
nproBented  by  fig.  180  tu  plaster  down  the  white  lend  and 
priMB  the  gbws»  and  a  more  convenient  instrument  fur  tiic 
purpose  canaot  be  devised.     When  Mr.  Valentine  first  com- 
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mcnced  this  plan  of  immntiniT,  tliin  *^}aBA  vfa»  not  tn  Ik  iiict 
with,  he  wus  therefore  obliged  to  unc  a  stout  piece  of  uuca; 


Fig.  161. 


Fig.  180. 

witli  this  bis  objects  have  kept  perfect  for  many  jcare.  Mr. 
HoIUnd,  whose  name  has  been  frequently  mentioneil  08  tln! 
inventor  of  the  triplet  object-glass,  has  rccoimncndcd  *  a  cell 
of  the  form  represented  by  fig.  181,  as  useful  for  many  objerta 
tliat  require  a  high  power,  a  h 
esliibitd  a  glass  slide,  on  wliich  i^ 
paintcd>  with  white  lead  (worked  up 
with  one  part  linseed-oU  and  three  nf 
BpinI  of  turpentine),  a  pondor  cell,(-  c. 
enclosing  a  space,  rf.  Ghiasos  so  pre- 
pared witli  cells  of  any  size  or  sha|H) 
must  be  allowed  to  dry  before  they  are  usetl.  The  methotl 
of  mounting  objccta  within  tliis  form  of  cell  is  thua  deacrihcd: 
— **  A  tlrop  of  iluid  containing  the  objeet  ia  pliicwl  witliin 
the  sjtace  //,  and  a  piece  of  mica  of  the  same  ei/e  as  the 
part  painted  dropped  on  tlic  fluid;  but  care  must  be  taken 
that  tlie  drop  he  not  in  sufficient  quantity  to  touch  the  iimer 
mai^n  of  tlic  ccnicut.  Tliat  being  accomplitibed,  take  ^onie 
almond  oil  m  a  hair  pencil,  and  pass  it  lightly  and  slowly 
round  the  edges  of  tJie  mica:  the  oil  will  insinuate  itseH' 
uuder  it,  ami  will  surround  the  object  without  mixing  with  it. 
^\Tien  the  oil  is  cleaned  off,  a  coating  of  the  white  leatl  may  be 
laid  rouml  the  wlges  of  tlie  mica,  extending  about  one-tenth 
of  an  inch  within  and  without  it." 

llie  two  following  metliods  of  mounting  very  delicate  objerta, 
auch  as  I)e&midica',  have  been  recommended  by  Mr.Thwaites.t 
The  6i-st  consists  in  marking  out  on  tlie  glajw  slide  a  cell  of  tlio 
rcquirwi  sbai»e  with  gold-size,  thickened  eitlier  witli  litburge, 
red-lead,  or  hunp-blnck:   these  inatertab  arc  to  be  mixed 


•  V«l.  xlviii.,  Tninuirtiom  of  thr  Societ}/  of  Arts,  pttge  125. 
t  Hnlfn'  Drsmttiiete,  pojtv  40. 
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together  on  a  »lab  and  Inld  ud  the  slidfr  as  sooo  ob  poariblc> 
this  mixture  quickly  bea>mes  hard.  la  the  second,  whr: 
dce|icr  cclU  an-  Dcoe&iar%',  uiurine-gtue  i«  ueed :  Uim  touct 
nieltiHl  and  dropped  u[k>ii  tlie  «Iip  ofglaai,  mod  flaiteoed  « 
warm  with  a  piece  of  wet  glass,  and  vrhat  U  siiperfluoue 
away  wilh  a  kntfe,  eo  aa  to  leave  oaly  ibe  walld  cif  the  cwD 
these,  if  they  have  become  looeenei],  may  be  ntadc  firm  i^ui 
by  warminp^  the  under  Kurface  of  the  eJip  of  ^faua.  The  Mir- 
ftccs  of  tln-'f e  cells  nmy  be  made  flat  by  rubbii^  tluni  on  the 
metal  plate  with  emery  and  wHtcr.  The  plan  of  litying'  down 
and  of  cementing  the  thin  cover  is  the  same  aa  that  for  the 
flat  and  other  c«lh4  before  dcM:ril>ed. 

Mr.  Topping  preparer  cella  for  receiving  minatc  prepara- 
tions in  the  following  manner : — He  takes  a  slip  of  gbaa  and 
InyH  on  it  two  thin  piecee  of  niaho^iny  of  the  aze  of  the  gbus ; 
each  lias  a  hole  of  the  required  figure  cut  in  the  centre ;  in 
one  piece  the  hole  is  the  size  of  the  outer  margin  of  th«  cell, 
in  the  other  of  the  inner  murgiti.  'J'liese,  n  bcu  laid  over  the 
gltt8S,  nfloni  the  means  of  marking  out  with  a  writing  diaiuond 
the  ii|iacc  tu  be  occupied  by  Uie  cell,  wbtch  niuitt  be*  filled  up 
with  black  japan.  The  glass  is  now  to  be  tram^fcrred  to  an 
ovrn,  the  lient  of  which  should  be  roii^ed  gradually  to  prevent 
the  japan  from  blistering,  and  if  care  be  taken  in  this  part  of 
the  procew,  a  cell  ao  miule  will  resist  the  action  of  proof  spirit 
For  the  construction  of  cells  for  moiujtiug  objects  in  fluid,  the 
folli>wlng  very  simple  and  efficacious  method  is  ado]ited  by 
Mr.  Ct.  Shndbolt,  having  the  tlu\^cfold  ad\-antagcs  of  peatnCM, 
rapidity  of  execution,  and  great  econcwny. 

It  frequently  hap|K;iis  that  it  is*  desirable  to  preserve  in  fluid 
an  object  of  such  extivme  thinneas,  that  even  tlte  thin  gla» 
cell  is  too  thick,  such  as  the  cuUeles  of  some  vegetable  pre- 
piirationa,  dcbuiidiea',  &c.  To  mnkc  cells  ndapteil  for  such  ]iur- 
poees,  and  others  somewhat  tltickcr,  as  a  coniplete  substitute 
fur  tJiin  glass  cells,  a  little  in^tnunent  contrived  by  Mr.  Shad* 
bult,  and  shown  at  fig.  IH2,  will  be  found  highly  useful.  It 
consists  of  a  piece  of  well  -seaeoned  maliogany  or  other  wood. 
aboul  an  inch  in  tliirkne«»  niul  of  about  9  iuchefi  by  3^.  To 
this  are  at(acli(.-d  two  Hal  uialiognuy  wlu-tlfs  fi  n,  Uitb  ^  inch 
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thick,  and  3|  inches  in  diameter,  which  are  omde  to  turn 
together,  and  in  opposite  directions,  by  meaoe  of  a  silken  cord 


o 


<2># 


Fig.  isa. 

croBKd.  A  handle,  A,  ie  attached  to  one  wheel,  and  a  little 
spring,  c,  formed  like  the  letter  Y,  to  the  other ;  this  spring 
is  capable  of  being  raised  by  pressing  the  toil  of  the  Y.  An- 
other piece  of  mahogany,  d,  is  nttuchud  to  the  base,  80  as  to 
surround  about  one-third  of  tJic  wheel  carrying  the  spring, 
and  should  be  sufficiently  thick  to  be  slightly  elevated  above 
the  said  spring;  this  is  intended  as  a  support  to  the  hand.  The 
screws  or  centres  on  which  the  wheels  move,  e  e,  mnet  not 
project  in  the  slightest  degree  beyond  the  wood.  A  few  cir- 
cular lines,  from  an  inch,  as  the  extreme,  to  any  smaller  size, 
should  be  drawn  on  the  wheel  with  Uic  Bpring.  llaring  rtused 
the  Y  spring,  by  pressing  the  entl,  <?,  place  on  the  wheel  a  slip 
of  giftss  of  the  usual  size,  and  adjust  it  so  tliat  none  of  the  cor- 
ners project ;  if  tlie  wheel  bo  made  of  the  size  named  (3| 
inches),  it  will  then  be  centred  in  one  direction,  and  may  be 
readily  centred  jH^rfectly  by  means  of  the  largest  ring  drawn 
OQ  the  wliccL  Having  dipped  a  camel's  hair  pencil  into  some 
appropriate  cement,  hold  it  to  the  gla&s,  at  the  same  time 
cau^ng  the  latter  to  revolve,  by  means  of  the  second  wlicel 
with  the  handle,  a  very  neat  circular  cell  will  tlius  be  formed. 
The  best  kinds  of  cement  for  this  purpose  are  eitlier  the 
tupkalte  cement,  described  page  275  of  this  work,  or  the 
japanners'  gold  size,  or  a  mixture  of  tlie  two  in  e(|ual  pro|>or- 
tions.  If  one  coating  Ito  not  thick  enough  for  the  purjKiee 
intendctl,  another  can  be  laid  on  as  soon  as  the  first  is  dry,  as 
there  is  no  difficulty  in  centering.  In  making  cells  witli  the 
ASphalto  cement,  a  conting  of  gnld.size  should  altati/x  be  laid 
on  at  last,  in  order  to  prevent  its  becoming  too  brittle,  and  the 
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■liown  by  the  following  6gures,  will  be  found  the  most  con- 
venient, figa.  186,  187,  188,  being  for  the  gUss  sUdea  of  one 


Fig.  186.  Fig.  187.  Kig.  189. 

inch  in  width,  whilst  fig.  189  is  intended  for  the  slides,  which 


are  one  inch-anil-a-tuilf  nr  more  in  width.  Tliese  cells  are 
cheaper  titan  those  which  arc  drilled  in  plate-glanSr  and  u-e 
quite  as  neat  in  app<>arancc.  Fig.  190  reprcfient«  one  of  this 
form  cemcoted  to  a  slide  and  ready  for  use. 


^ 


rig.  ifH). 

DrUleti  Cdls. — These  are  compoeed  of  pieces  of  jilatc-glass 
of  any  convenient  size,  out  of  the  middle  of  whicli  eitlier  a 
circular  or  oval  hole  has  been  drilled^  the  depth  of  the  cell 
depending  in  all  cases  on  the  thickness  of  glass  used ;  when 
required  to  be  \'er}-  ihictc,  two  or  more  cells  of  equal  eizc  umy 
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be  ceraentcU  together,  cither  with  the  marine-glue  or  Ct 
btUeam;  figs.  191,  11)3,  193,  represent  tlirecoonTenient  sliupea, 
and  fi^.  194»  195,  I9fi,  one  of  each 
cemented  to  a  slide  or  bottom  plate 
of  glaea ;  tliem:  ceUa  have  many  advui- 
tage«  over  otJiers,  as  any  number  may 
be  made  of  one  thickncsB,  tliey  nSjL 
also  be  nmde  perfectly  Bc|uarc  oute|^| 
and  yet  the  cavity  or  cell  witiin  nwy 
be    either   oval    or   cireulur,  whicl 

□       otlcn  desirable. 
The  method  of  comenting  them 
tlic  bottom  s\ass  ie  the  eamc  as  that 

fig.  VJ2. 


Fig.  191. 


•m  to 

4 


Fig.  193. 


Fig.  196. 


other  forms  of  cellfl.  Being  made  of  platc-glaes  they  are  very 
flat,  uiid  from  m>t  being  gruinid  their  aurfarcj*  will  allow  li^ht 
to  jass  through  when  Canadti  balsam  or  very  tliin  nmrine- 
glue  ia  the  cement,  hence  they  may  be  employed  ^vith  the 
Licberkuhn.  Thie  and  the  succeeding  form  of  cell  were  fifl 
Huggcsttid  and  uecd  by  Air.  Uoadby.  ^B 

Built-up  CeUs, — Tliesc  consist  of  four  pieces  of  glass  of  con- 
venient wzc,  which  are  cemented  to  fonn  an  oblong  or  square 
celL     The   simplest   form,  and   one   which  will  answer 
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c 

e 

i 

purpose  of  cither  the  thia  gla^  cell  ur  the  Cubultir  or  ilrilled 
cell,  when  thcdc  are  not  iit  huud,  xsuxy  be  thus  miulc:  Take  a 
piece  of  yhiss  of  tlie  requii"cd  shape  and  thickness,  suy  one 
inch  lung  and  tiiree-fourlhv  Mide,  and  murk  out  on  it,  with  n 
writing-diamond  or  'wAl,  the  size  of  tlic  cell  you  wiali  to  make, 
as  ff  in  fig.  197,  continue  the  linea  to  the  edn;c  of  the  plaw  as 
slKtwn  by  dote  at  a  f»  f  th  Now,  with  a  cutting-diamond, 
make  foiu-  nut»  in  the  direction  of  the  Unea  ah,a  e;  b  d,  e  d; 
reject  tltc  miildlc  piece,  e;  anil  cement  the  four  outside 
pieces  to  the  slide  in  the  wune  manner  as  one  nf  the  other 
forms  of  cell,  taking xnrc  always  to  put  the  pieces  in  the  order 
in  which  Ihcy  were  lieforc  they  were  cut  off;  thii*  is  knoim 

by  making  little  niark^  or  lines  iu 
each  comer,  «o  that,  when  the 
piocca  arc  separated,  one  halfoftho 
nuirk  may  be  on  one  side  and  tlio 
other  half  on  the  opposite,  tia  seen 
in  tile  aliovc  fi;^re;  thittwiU  acnrc 
as  a  guide  to  fit  the  pieces  pro- 
[icrly  together,  and  when  a  little 
marine-ghic  i»  placed  between  the  joints,  the  four  pieces  will 
be  held  as  firmly  together  as  if  they  were  a  solid  mas&.  Shouhl, 
however,  the  pieces  not  he  brought  down  to  a  nnifunu  level, 
ihe  cell  may  be  rubbed  on  the  metal-plate  with  emery-,  and  lie 
thus  reduced  to  anv  convenient  thinness.  Cells  made  in  tliis 
way  <tf  the  thin  gloss  answer  exceedingly  well,  and,  when 
properly  cemented,  will  form  an  excellent  substitute  for  any 
of  the  other  kinds ;  they  ntay  l>e  made  of  all  thicknesses  of 
glass,  from  tliat  usetl  for  covers  up  to  the  thickest  plate  that 
the  operator  can  cut  slips  from  witli  the  diamond. 

Tliicker  cells,  as  represented  by  fig.  1^8,  may  be  made  of 
four  narrow  strips  of  stout  pLite-gl-Hss,  cemented  together  as  in 
the  preceding  specimen,  u]K>n  a  bottom  piece  of  thinner  plate; 
hut  care  must  be  taken  that  the  ends  of  the  aides,  ctl,  and  llio 
edges  of  a  A  be  ground  flat,  and  that  the  joints  be  firmly 
cemented.  Stripe  of  plate-gloss,  from  onc-<eightli  to  half-an- 
inch.  may  be  obtained  at  tlic  loukinp-gloss  makers,  or  may 
even  bo  cut  by  the  diamond,  which  will  answer  very  well  for 


Fig.  197. 
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this  purpose,  as  all  uiequulitlcs  of  surface  may    be   groupt] 
down  on  the  mctnl-platc. 


Fig.  198. 

^VTion  mnrh  deeper  celk  llian  these  ore  required,  we  miul 
employ  the  glosa  box,  also  the  invention  of  Mr.  Goftdbj. 

This  consigta  of  four  pieces  of  thick  platc-gloas,  abed, 
cemented  together  upon  a  bottom  piece  or  glide  by  their  edgea> 
as  seen  in  fig.  199.     The  edges  arc  ground  flat,  and  the  aidea. 


Fig.  199. 


e  d,  made  rectangular ;  this  form  of  cell  is  not  so  eattly 
cemented  aa  any  of  the  preceding,  and  when  the  marine^lae 
is  onco  melted  upon  the  edges,  the  pieces  should  all  be  put 
together  as  speedily  as  posmble,  ao  that  one  part  may  not  be 
made  much  hotter  than  the  other,  otherwise  the  glue,  when 
over-heated,  is  apt  to  get  thick  and  dry  up. 

These  cells  or  boxes  may  be  made  of  any  size  to  suit  par- 
ticular prepamtioua,  but  in  proportion  to  the  dimensioDa  so 
ought  the  thickness  of  the  plate-glosa  to  increase ;  it  must, 
however,  he  borne  in  mind,  that  the  box  shoidd  not  be  deeper 
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than  is  ncceseaiy  to  hold  the  preparation,  otlierwise  the  latter 
(!oul(l  only  lie  exnrained  with  a  magnifier  of  low  power. 

Method  of  Monutm/f  Objects  in  Deep  Crlis. — For  this  purpose 
it  will  be  requisite  to  ha  provided  with  n  bottle  and  glosa  tubes 
of  the  shapes  represented  by  fig.  200  and  6^.  201.  The  bot- 
tle is  required  to  contain  the  spirit  or  other  fluid  about  to  be 
used  for  mounting  the  preparation,  it  fthould  be  of  the  shape 
represented  by  a,  fig.  200,  lutvlng  a  wide  mouth,  into  which 
is  fitted  loosely  a  cork,  b^  with  a  tube,  r,  passed  through  ita 


Fig.  200. 


Fig.  201. 


centre ;  the  tulio  should  not  touch  the  bottom  of  the  bottle. 
The  cell  and  thin  glass  cover  having  been  properly  cleaned, 
and  the  object  prepared  for  mounting,  the  eclgee  of  the  former 
are  to  be  anointed  with  a  Humll  quantity  of  gold*«aze,  the 
cell  19  then  to  be  filled  with  the  preeervatirc  fluid  by  meant 
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of  tlie  tube,  c;  if  any  air  bubhlee  be  ecen  ai  the  bottom  of  tW 
cell,  thoy  should  l>c  touched  with  a  sharp  pointed  tntrtrnmeat, 
fliid  be  conducted  by  it  to  t}ie  top,  where  they  will  burst,  ttt»«I 
so  disiLppf:ar.  The  jtre^Huiition  (which  wc  will  supjMMse  to  Iw 
a  piece  of  injected  mucoue  membrane)  hnnng  been  el<sui«d 
and  soaked  for  a  Uttlc  time  in  a  similar  flutd  to  that  in  which 
it  is  about  to  be  mntintt'd,  uiuj^t  lie  placcfl  in  the  ecU,  and 
moved  about  to  the  fluid,  do  that  ail  air  bubbles  nay  be  got 
rid  of,  the  tliin  f^Iaes  cover  is  then  to  1)o  placed  on,  and  all  dte 
supertluouB  Huid  cither  dru%vn  away  by  the  sue  Icing- tafae, 
6g.  201,  or  by  the  blotting-pi^jcr,  as  previoiuily  described,  the 
use  of  tlic  bulb  in  the  tube  l>cing  to  prevent  the  Buid  frviai 
rushing  euddeuly  to  the  mouth.  AVhcn  both  the  cdgea  of  the 
cell  and  cover  are  dry,  n  thin  layer  of  one  of  the  cements  must 
be  applied  to  tlicm,  this  htyor  should  be  allowed  to  get  hani 
bcfoi'e  another  la  laid  on ;  wlien  much  of  the  ceiuent  i^  used 
at  first,  it  is  apt  to  rnn  into  the  cell,  which  may  be  avoided  by 
keeping  die  first  layer  very  thin,  and  adopting  the  precaution 
of  letting  it  harden  before  the  application  of  the  eeeond.  In 
order  to  ^\ve  neatness  to  the  »p]iearance  of  the  mounting,  the 
last  coating  may  consist  of  black  or  r«I  sealing-wiix  vaniiuli, 
or  the  edires  may  be  covered  with  bronw  powder,  or  even 
with  gold  leaf,  both  of  wliich  will  adiicrc  if  applied  boAire  the 
hist  layer  of  cement  is  quite  dry.  Tlie  ohjwt  to  be  mountal 
and  the  preservative  fluid  should  be  kept  as  free  from  particlest 
of  durtt  as  posfflble,  and  to  prevent  the  admiasiun  of  these  into 
the  fluid,  the  eniployineat  of  the  bottle  shown  by  fig.  200  w 
recommended ;  should,  however,  some  foreign  particles  have 
gainc^l  enlmnce,  they,  in  all  probability,  after  a  little  time, 
will  (rink  to  the  bottom  of  the  bottle,  where  they  will  be  out 
of  the  reach  of  the  end  of  tlie  tube,  if  adjusted  as  represented 
in  the  figure. 

To  prevent  tlic  cement  trom  running  into  the  cell,  or  the 
marine-glue  from  covering  more  than  certain  portions  of  the 
bottom  of  the  same  when  fastened  to  a  slide,  Mr.  Hainey  has 
contrived  the  following  forms.  One  of  these,  consisting  of  a 
plate  of  gloM  about  one-eighth  of  an  inch  in  thickness,  and 
one  inch  square,  with  a  hole  through  the  centre,  is  shown  by 


1 


METHOD  OF  MOUNTINO  OBJECTS  IV  rLUIl). 


299 


Fig.  202. 


Fig.  203. 


I 


fig.  202 ;  around  the  hole  a  ufaannel  or 
groove  is  niiide,  the  object  of  which,  aa 
in  Mr.  Darkcr's,  almwn  by  fig.  177,  ia 
the  prevention  of  the  entrance  of  the 
cementing  Dinterial  witliin  it.  Another 
fonu  calculated  to  anHwera>«itni1ur  pur- 
pose, is  shown  by  fig.  203 ;  in  tUid  tJie 
hole  does  not  extend  through  the  glass, 
iind  the  lx)ttom  of  it  may  be  cither 
poUbhed  or  rough  ;  on  the  under  aurfitce 
of  the  cell  there  ifl  a  groove  aa  in  fig, 
202,  60  that  when  marine-glue  is  em- 
ployed to  fasten  it  to  a  slide,  the  glue 
will  be  all  kept  outside  the  groove,  and 
an  object  contained  in  a  cell  of  tliis 
kind  can,  if  required,  be  examined  by 
transmittc<l  light, 
^Vhilst  treating  of  the  diftcrent  forms  of  cells  and  boxes  for 
containing  lai^e  pre|>anilions  that  require  the  aid  of  the 
raicroscoiH;  Ujr  tlieir  due  cxliibitioD,  it  may  be  as  well  here  to 
allude  to  the  roetho<l  employwl  by  Mr.  Dennis,  the  manufac- 
turer of  tliese  boxes  for  Mr.  Cioadby  and  otiicra,  to  render 
them  better  fitted  to  withstand  the  expauiiiive  jMiwer  of  the 
fluid  tliey  contain;  for  this  purpose  he  lias  found  it  ncccaeary 
to  strengthen  tlie  joinings  of  the  sides  and  ends  by  vihtxt  he 
terms  angle-pieces;  these  are  slips  of  platc-ghtss,  ground  into 
a  threc-«ded  prismatic  ghai>e,  whicli  are  cemented  to  the  inside 
of  the  box.,  so  as  to  fill  up  all  tlic  angles  made  by  the  sides 
and  bottom,  and  the  ends  and  »des,  and  likewise  to  strengthen 
the  joints  on  the  outside^  by  cementing  strips  of  pkte-glnss 
over  them,  in  order  to  prevent  the  sides  from  bursting 
outwanJs.  Although  this  is  a  tetlious  process,  the  operator, 
nevertheless,  will  l)e  well  repaid  for  his  tntubic  by  the  greater 
durability  of  the  work. 

The  method  of  cleaning  tlie  inside  of  the  box,  and  the 
putting  on  of  tlie  cover,  is  tbe  same  aa  has  been  describwl  in 
tJiu  amidlcr  cells;  to  get  rid  of  air  bubbles,  it  is  advisable  to 
pour  into   it   much   more  Huid  tlian   is  required  to  fill  it, 
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tlic  excess  will  escape  at  the  sides,  and  if  tlie  pouring  be  kept 
up  for  a  few  minutes,  all  the  bubbles  and  foreign  bodies  m  tbe 
lic|uid  which  may  have  been  waehe<l  from  the  preparstioa 
will  l>e  removed.  The  cement  employed  for  the  cOTcr  by 
Mr.  Goadby  was  gold-size  and  lamp-black,  but  &Ir.  Dennb 
adopts  tlie  following  plan: — In  the  covers  of  Uzge  boxes  be 
drills  a  small  bole,  and  fit4  a  cork  into  it,  and  places  the  pre- 
paration  in  the  ccU  with  sufficient  fluid  to  cover  it,  but  not 
enough  to  reach  within  half-an-inch  of  the  tup.  lie  then 
cemeutfl  on  the  cover  with  morinc^lue  by  means  of  a  hot 
iron,  and  HIU  up  the  box  with  tlie  preservative  aolutioa 
through  the  hole;  by  a  little  shaking,  all  air  bubbles  can  be 
got  out,  the  box  should  be  allowed  to  remain  a  few  dajs>  and 
wlien  no  uiort;  bubbles  make  their  appearance,  the  cork  is 
put  in  and  cut  off  level  with  the  top  of  the  cover,  and  a  thin 
piece  of  glas«  is  cemented  over  it  to  keep  it  in  its  pLice.  All 
the  joints  of  the  box  are  now  cemented  with  marine-glue,  and 
the  cover,  being  fadicned  on  with  the  glue,  is  held  much  more 
firmly  llian  by  any  of  tlie  other  more  liquid  cements. 

A  small  box,  a  h,  with  mitred  sides,  c  c,  and  strengtheneil 
both  with  angle  pieces  in  tho  inside  and  strips  on  the  outAde, 
d,  is  represent«d  by  fig.  204 ;  this  will  be  found  to  be  a  mucli 


Fig.  204. 

more  durable  kind  tlum  that  sliown  by  fig.  199.  If  the  pre- 
paration  to  be  mounted  in  one  of  these  boxes  be  requiretl 
to  be  kept  in  the  middle  of  Uie  box,  or  if  it  be  necessary  that 
any  part  of  it  should  be  spread  out  for  its  better  display,  the 
plan  adopted  by  Mr.  Cxoadby  is  to  secure  it  with  fine  pieces  of 
Bilk  or  China  twist;  for  this  purpose  he  employs  loops  of 
strong  silk,  which  arc  fastened  to  the  bottom  or  sides  of  the 
box  either  with  marine-glue  or  Cnnudn  balsam,  lo  these  the  fine 
pieces  of  silk  attached  to  tlic  prepiuation  may  be  tied;  short 
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loops  may  be  reincnted  to  any  [uirt  of  the  iiiifidc  of  the  box  by 
means  of  a  piece  of  glass  and  a  loop,  of  the  size  shown  in 
fig.  205.  A  amall  (juantity  of  roarinc-glue 
placed  under  the  glass  when  it  and  tlie  loop 
have  been  pro[»erly  luljiisted,  can  be  rcndity 
fixed  by  the  oppUcation  of  a  hot  iron ;  to  make 
tJie  ;;Iiu$a  lie  more  evenly,  a  groove  may  be  filed 
in  it  Buffieiuntly  large  to  contain  the  end  of  the  lorip,  and  to 
prevent  the  silk  from  being  scorched  during  the  opt^ratiou  of 
cementing,  it  may  be  covered  by  another  piece  of  glass,  on 
which  tlie  heated  iron  should  not  be  placed. 


Fig.  905. 


CHAI'TEK  Vn. 


METUOU  OF  HOL'NTINQ  OBJECTS  IX  CANADA  BALSAM. 


Preliminary  Dirtetions.  — Before  any  object  ia  mounted  in 
Canada  bnleani,  tt  is  necessary  to  eec  that  it  be  perfectly  cip-an 
and  free  from  all  traces  of  moisture.  Thiwc  specimens  that 
are  likely  to  be  moist  should  be  carefully  dried,  or  if  they 
be  of  such  a  nature  that  neither  water  nor  spirit  will  injure 
them  tlic  best  plan  is  to  give  tlu-m  a  guud  wash  in  waterj 
and  then  to  jmt  them  into  proof  spirit.  After  this  they 
may  be  taken  out  and  laid  in  a  proper  position  for  drying, 
which  will  take  pLice  nnicli  more  speedily  and  effectunlly 
witli  llie  spirit  than  with  water.  Other  structures  that  arc 
greasy  may  be  cleancti  in  the  snnie  way  by  the  employment 
of  sulphuric  athcr;  this  latter  plan  is  especially  applicable  to 
tlic  cleaning  of  hairs  of  animals  that  are  to  be  mounted  eirlier 
in  the  dry  way  or  in  Canada  bidmm.  Entire  insects,  or 
{larts  of  the  same,  may  be  elcauscil  by  putting  them  to  souk 
in  warm  water,  and  by  agitating  them  in  it,  by  which  means 
luoat,  if  not  all,  of  the  dust  and  dirt  will  be  waehc4l  ofT;  they 
may  then  be  placcti  in  spirits  of  wine,  and  at  any  conventent 


30ft 


MANIPin.ATIOW. 


time  laid  between  glowea  to  dry.  A  more  common  plan  before 
mounting  them  in  the  balsam,  esjiocially  if  they  BhouJd  be 
very  opaque,  ia  to  allow  them  to  soak  for  a  time  in  turpentiiH*, 
onii  as  tliis  i»  jteiibetly  mlscible  witli  ihc  bulwitn,  they  mny  be 
t»ken  from  one  and  jmt  into  the  other,  at  the  oonTenJence  of 
the  oiwnitor,  without  the  trouble  of  drjiug.  Tlic  ttiq>entine 
ifudura  every  part  of  them  moru  transparent  in  two  ways ; 
iu  the  first  by  lessening  refraction,  and  iu  tlie  second  by 
dissolving  fluid:)  and  subetanees  of  a  greasy  Datiii%  and  tukiog 
their  places. 

When  very  thin  nnd  transparent  objects  ore  required  to  be 
mounted  in  balsam,  they  become  !«o  indistinct  that  their  true 
structure  cannot  be  made  out,  hence  some  mode  of  gi\-ii^ 
them  a  dark  colour  becomcji  necetsary,  which  may  be  effected 
cither  by  charring  or  dyeing.  In  the  case  of  vegetable 
mutter,  tlie  charring  is  readily  done  by  placing  the  ttjiecimcn 
between  two  plates  of  gla*3,  and  holding  them  over  (Jjc 
flame  of  an  argand  or  spirit  lamp  until  tlic  specimen  aaumea 
the  proper  tinge ;  it  may  then  be  taken  out,  placed  in 
bidsam  ami  mounted  in  the  usual  manner.  Some  6tructureSr 
cstK^ially  thiwe  uf  on  aninml  nature,  will  not  bear  the 
charring  process;  to  these  (lie  dyeing  only  is  applicable,  and 
may  be  ctl'ectcd  by  eoakiug  ihcui  fur  a  time  iu  a  decoction 
of  fustic  or  logwood,  af^er  which  they  may  be  taken  out  and 
dried.  A  weak  tincture  of  iodine  may  be  employed  for  tlie 
same  purpose. 

Acvcisari/  Appnratuf. — The  tlungs  necessary  for  mounting 
preparations  in  Canada  balsam  are  as  follows : — 

iSomc  clear  and  tolerably  Huid  balsam,  the  whiter  the  bcttcrj 
also,  some  tliat  is  older  and  thicker. 

A  pair  of  wooden  forcei>d  to  hold  the  glass  slides. 

A  pair  of  hne-jiointed  forceps. 

A  pointed  inBtruraent,  or,  what  will  answer  the  purpoec,  a 
needle  fastened  into  a  wooilen  handle. 

Glass  slides,  with  covers  of  thin  ghisa  of  ihe  required  size. 

A  small  solar  oil  or  a  spirit  lamp. 

Camida  Balmm. — Tliis  excellent  material,  first  Huggctitttl 
by  Mr.  J.  T.  Cooi>cr,  was  employed  about  the  year  1832,  by 
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McH^m.  New  and  Uoml,  iiigrniouii]>n>|iiircra  of  iiiicroscnpic  ob- 
jects, »  notice  of  it  in  priat  appcnrs  in  ti  smaU  book  |jublisbc<i 
by  i\Ir.  Pritchiml,  iu  1835,  entitled  A  List  of  Tiro  ThoH»and 
Microscopic  Objects,  The  older  AnntoiiiiMd  were  in  the  hiibit 
of  tuing  varoishes  of  difVcrent  kinds  to  cover  tlicir  injected 
prfpanitions,  which,  in  course  of  time,  bcciuue  hard  and  tnuis- 
parcut;  tlic  objects  bcluugijig  lo  Uie  uiicnMcopca  devcribed  in 
page  16  arc  thus  coated.  Mr.  PritcLard*  gives  the  iant 
sccount  of  inuuntiug  objects  in  a  fluid  whicli  6ubsc<piPiitly 
became  hard  and  rendered  the  muuutiug  pcrniaucut ;  tliis  id 
efliid  tu  have  lud  tu  the  employment  of  Cuuada  batntain  for  tlie 
same  piirpoiic.  It  will  be  found  convenient  to  have  two  kinds 
of  baleiain,  one  in  a  very  fluid  ^tate,  the  other  much  tilder  aitd 
thicker;  these  should  be  kept  in  wide-mouthed  bottles  that 
can  be  sufficiently  closed  to  prevent  all  dust  from  getting^  in. 
The  best  vetwoU  fur  the  purjwee  are  small  glass  jars  with  largo 
lops  simihir  to  that  repreiiented  in  fig.  20J>.  The  balt!<am  is 
t4ikeD  out  of  these  by  a  email  glass  rod,  which  shotUd  be  uf 
a  sufficient  length  to  prtyeet  above  tlie  neck  of  the  jar,  so  a« 
to  be  coveri^l  up  with  the  bal^^oin;  the  jar  should  not  l>e  more 
llian  lialf  full,  the  rod  will  then  be  sufficiently  uncovered  to 
allow  of  its  being  lumdhMl  without  soiling  the  Bngcrs.  a  point 
that  should  be  pai'ticnlarly  atten<led  to. 


Pig.  'J06. 

Wooden  Forceps. — l-'or  this  very  useful  instrument  we  arc 
indebted  to  the  ingenuity  of  Mr.  Julius  Page :  in  tlie  up[)cr 
part  of  fig.  2QG  is  shown  its  applic-ation  to  the  holding  of  a 
Microicoptc  Cabinety  p»  3^0. 
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elide,  whilst  in  thv  lower  part  of  the  figurt:  it  'a  seen  inaectiOD. 
The  entire  instrument  ia  composed  of  wood,  with  the  ez< 
cejition  of  tlie  end  piece,  a,  which  sliould  be  of  brass.     For 
holding  euiall  slides,  it  may  be  of  the  same  size  and  shape  u 
that  shown  in  tlie  6gure,  but  for  tlie  Larger  slides,    vtz.»  those 
three  inches  long  and  one  iDch-and-a-holf  broad,  it  should  be 
iQuch  stronger;  the  two  flat  plates  or  blades  consist  of  anv 
elastic  wood,  and  are  of  equal  dimenuooa.     a  represeats  a  piece 
of  brass,  Wnt  at  right  augles,  the  inner  part  is  wedge-ahap«d, 
and  the  two  pieces  of  wood  are  finuly  rivetted  to  it,  and  by 
this  wedge  the  ends  of  the  blades  are  brought  more  sccu- 
rtitely  to;<etlier.     The  opposite  ends  of  the  blodes  arc  cut  in 
tlie  umniier  shown  in  the  lower  6gnre,  in  order  to  hold  the 
elide  Brmly,  whilst  two  wooden  studs,  6  c,  serve  to  eepaiate 
the  blades  one  from  the  other.    When  tliese  studs  are  pressed, 
the  blades  open,  and  a  slide  can  then  be  placed  between  them. 
The  method  of  using  the  forceps  is  as  follows: — After  a  slide 
has  been  cleaned  und  made  ready  to  receive  the  Canada  btd- 
sam,  it  is  to  be  placed  iu  the  forceps,  and  after  tlic  balsam  has 
been  dropped  on,  the  slide  may  be  warmed  over  tiie  epirit 
lamp,  and  should  it  then  require  cooling,  the  forceps  may  be 
placed  on  tlie  table  lur  the  pur])use;  tlie  piece  of  brass,  a,  and 
the  stud,  Cy  form  tlie  supiwrta  by  which  the  slide  is  kept  per- 
fectly horizontal,  und  at  the  same  time  raised  some  tittle  dis- 
tance above  the  table  itself. 

Metal  Forcrps. — For  the  j>urposc  of  handling  delicate  ob- 
jects that  arc  to  be  mounted  in  balsnm,  the  metal  forceps 
figured  at  page  135  will  be  found  very  convenient,  or  any 
of  the  olhcra  presently  to  be  described  with  the  dissecting  in- 
btrumcnts ;  in  use  tlicy  arc  certain  to  get  balsam  about  their 
points,  this  should  be  clcanL>d  off  by  allowing  tlic  points  to 
soak  for  a  sliort  time  in  turpentine.  No  forceps  employed 
fur  taking  up  delicate  structures  sliould  have  teeth  at  their 
e:(treniilies,  but  shoulil  be  <rround  to  as  fine  points  ns  possible, 
as  llic  teeth  are  apt  to  mark  the  c-[)eciu]cns  tliat  are  held 
by  tliem. 

Ninite  Point. — For  the  purpose  of  destroying  aJr  bubbles, 
or  moving  about  the  prepuratiuus  afler  they  have  been  placed 
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ia  the  balsam^  and  for  various  other  uses,  a  neudle  fastened 
into  a  handle  of  wood  will  answer;  but  an  instrument  con- 
structed atUr  the  plan  of  that  shown  in  fig.  207  is  much 


Pig.  207. 

better  still.  Thin,  like  the  forceps,  is  certain  of  being  coflted 
with  balaani,  wliioh  may  be  removed  cither  by  heat  or  tui^ 
pentiuc;  tlie  broad  end  of  tlie  handle  will  serve  for  pressing 
down  the  glass  cover.  By  thia  instnmicnt  prc))arationH  are 
adjufited  to  their  proper  situations  in  the  Iwilsam,  air  bub- 
bles are  drawn  away  from  the  neighboiurhootl  of  the  object ; 
or,  if  necessary,  they  may  be  burst  by  touching  them  with  the 
point  wlieu  slightly  warmed. 

Spirit  or  Soiar  Oil  iMmp. — For  heating  the  balsam  a  small 
lamp  is  reipilrcd ;  this  may  be  cither  of  tin  or  glass;  such  a 
one  as  ia  represented  by  fig.  208,  to  bum  spirit,  is  vcrj*  con- 


Pig.  208, 

veiiicnt,  or  one  constructed  on  the  solar  principle  to  burn  oil. 

Tlie  former  is  better  than  a  common  oil  lamp,  as  there  is  no 
E:fear  of  blackening  the  balsam,  wliich  sometimes  happens  witli 
koil ;  but  the  chance  nf  this  is  diminialied  by  the  employment 

of  a  solar  lamp,  supplied  with  a  glass  chimney  that  extends 
20 
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three  iachea  or  more  above  the  lliune.  lu  sooie  cftacs,  Uie 
iron  plate  deacrilied  at  p^e  27 1  fur  cementing'  cells  will  be 
useful  for  melting  the  balsam;  but  care  muat  be  token  in  tbe 
application  uf  the  beat,  leal  the  bolaam  be  luade  to  boil  after 
the  specimen  ~i6  placed  in  it,  especially  if' it  be  a  jx>rtioa  of  a 
soft  animal  tiasue;  if,  however,  it  be  some  hard  structure  that 
heat  will  not  injure,  a  Utile  boiling  will  be  of  no  couacquencc. 
A  metal  vessel  filled  with  boiling  water  {as  a  oommon  water- 
plate)  answem  very  well. 

An  old  kjufe,  with  a  tolerably  flat  edge,  that  may  be  wannod 
in  the  spirit  himp,  will  be  very  useful  lor  acrapin^  away  super- 
fluous baliuuii.  A  Hmall  bottle  of  turpentine,  and  a  etill  ^iinnller 
4uantity  of  sulphune  ether,  arc  also  necessary ;  tlic  fonuer  will 
lie  in  constant  requisition. 

T'o  Mount  Stx'tioju  of  IJ\hmI. — Tlicse  must  be  well  dried 
before  they  are  put  into  bnlsum,  especially  such  as  have  been 
cut  frum  green  wood;  very  transparent  sections  should  be 
charred  or  dyed  brown  by  one  of  the  methods  before  de- 
scribed; we  must  then  proceed  as  follows  : — 

The  glass  slide  having  been  wijted  perfectly  clean  witli  a 
linen  nig  or  chamois  leather,  may  be  taken  hold  of  at  one 
end  by  the  wooden  force]J8,  and  filighlly  warmed  over  the 
lamp,  and  a  small  but  sufficient  quantity  of  Canada  balsam 
platxnl  upon  it ;  the  glaas  in  to  be  slowly  warmed  again,  irndJ 
ail  trace  of  air  bubbles  in  the  balsam  has  entirely  disappeared; 
it  may  nuw  be  put  aside  fur  a  moment  or  two,  and  when  the 
balsam  is  sufficiently  cool,  the  section  may  be  deposited  in 
it,  and  he  adjust^nl  to  its  proper  place  by  tlie  needle  point,  li" 
there  be  no  air  bubbles,  the  cover  previously  warme<I  on  its 
under  burface  may  be  laid  u[>on  the  balsam  and  carefolly 
pressed  flat  with  tlie  end  of  tlie  handle  of  the  needle-bolder,  to 
squeeze  out  all  the  mqtcrfluous  bul^um,  care  being  token  to 
preser\-e  the  section,  if  possible,  in  the  miildle  of  the.  slide; 
it  will  be  seen  whether,  in  pressing  the  cover,  tike  Beotkni 
kee|>s  in  its  phice,  or  shifts  from  one  side  to  the  other,  tlM 
pressure  must  then  be  so  contrived  as  to  keep  it  in  the  middle; 
this  may  often  be  mnnngod  by  mo\4ng  the  cover  first  to  one 
side,  then  to  the  utlicr,  until  tlie  Keeitun  is  brought  to  tlie 
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centre  of  the  cover,  and  the  cover  to  the  middle  of  the  ciliilc; 
when  thU  is  accotiiplisbed,  the  elide  luay  be  put  aside  to  eool 
in  a  horizontal  position.  But  »itp[K)iiing  tiiat  niiinhent  of  air 
bubbles  are  {>reaent,  the  balsaui  luu^t  be  mode  to  boil,  the  air 
bubbles  will  then  be  seen  to  ^o  from  tlie  centre  to  the  circum- 
fereuce,  where  tliey  mo»lly  burst;  if  not,  the  slide  may  be 
turned  over  (with  the  balpain  downwards)  upon  the  flume  of 
the  lam)),  and  tlte  heat  then  being  applied  directly  to  them, 
they  will  8pce<liJy  disappear.  When  the  lialaam  is  tuo  fluid 
for  the  slide  to  be  turaed  over  nnd  heated,  the  bubblea  may  be 
got  rid  of  by  drawing  them  with  a  clean  needle-point  away 
froui  the  centre  towarda  the  circumference,  that  they  may  be 
out  of  tlio  field  whieh  tlie  thin  glass  will  cover;  the  nocdle- 
^loinL  U  then  to  be  made  warm  in  the  lamp,  and  the  bubblea 
touched  with  it,  when  they  will  burst  and  disappear  aa  in  tlic 
fonner  niethod«. 

Should  the  balcuun  be  too  hot  when  the  section  is  put  into 
it,  the  latter  will  probably  curl  up  and  numberm  of  enudl  air 
bubbles  ariee ;  when  this  is  the  case,  time  will  be  saved  if 
the  section  be  removed  and  placed  cither  in  turpentine  or 
ether,  and  a  fresh  Hlidc  taken,  new  balsam  put  on  it,  and  the 
process  gone  over  again,  insteiul  of  usin<^  halfjmi  with  au 
infinity  of  small  bubbles  in  it.  ^^huuld  the  slide  nu  which  tlie 
balsam  has  been  boiled  not  be  wanted  again  immediately,  it 
may  be  placed  in  a  convenient  vessel  with  some  turpentine, 
which  will  dissolve  all  the  hard  balsam,  and  tlie  slide  vr'iW  Im 
perfectly  cleaned  and  ready  for  use  again  in  a  few  days. 

Some  persons  keep  their  Canada  balsam  in  a  tin  vessel  that 
can  be  warmed  so  as  to  melt  the  balsam ;  a  small  (|uantity  of 
this  may  be  taken  out  when  fluid  and  dropped  upon  the  object 
previously  arrunged  u^xm  tliu  ulide,  this  plan  is  attended  with 
little  or  no  risk  of  air  bubbles.  The  cover  should  be  wanned 
on  its  under  surface  l^efore  it  is  laid  on  the  balsimi,  and,  if 
necessary,  a  small  amount  of  heat  may  be  applied  to  the 
underside  of  the  slide  to  uiakethc  balsam  flow  more  readily. 

Aainutl  Structures. — When  animal  strurturcs,  such  as  ports 
of  insects  or  iojections,  have  to  be  mounted,  the  heating  of  tlie 
balsam  nuist  be  carefully  innnagml,  and  the  balsam  itself  be 
2U" 
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rery  fluid  to  commence  with;  it  shoukl  be  anffieiently  wanned 
to  expel  all  iiir  bubblce,  and,  when  marir  cold,  the  ot^eet 
may  be  placed  in  it,  and  covered  over  in  the  lunuil  vnr:  if 
the  heat  be  great,  the  object  ia  rore  to  curl  up,  and  bubbiea 
appear  in  all  parts;  it  wUl  moet  likely  be  rendered  tuele^  as 
no  nmnipulaiion,  however  careftiUy  applied,  will  restcm  ao 
ovcr)icut<'d  >t{>oeunen  of  gnimal  structure  to  ite  former  beuity. 

It  often  happens  that  opaque  objects,  sudi  a«  tiic  cJytn  of 
beetles,  and  tliick  pieces  of  injection,  require  to  be  nxNmted 
in  one  or  other  of  the  cells  described  in  page  294;  when  l]tts 
ia  the  caae,  it  becomes  necessary  to  uk  very  fluid  balsun  for 
the  purpoee ;  but  not  eiich  ns  has  been  thinned  preTiooidy 
with  tnr]icnttnc.  ns  the  author  bad  found  by  experi£Bce 
that  althouj^h  the  celU  be  carefully  corral  over,  without  any 
trace  of  air  bubbiea,  these  will,  nevertheless,  appcsu*  in  a 
few  dayit,  an4l  he  boa  aacertained  tluit  llioy  ara  canaed  by 
mijcing  turpentine  with  the  Canada  balsam  to  malce  it  more 
fluid;  for  altliuugh  tliey  have  all  the  appearance  of  bubbles  of 
air,  which  have  cither  gained  entmnce  from  without  or  Imve 
escaped  from  the  preparation  itself,  they  arc  not  really  such, 
but  arc  little  vacuitice  in  the  bul»im,  occasioned  by  the  tur- 
pentine not  freely  mixing  with  it  at  first,  but  afler  a  ^ta*t 
doing  so;  and  aa  the  two  when  tuiitcd  occupy  leaa  apace  than 
when  separate,  theae  little  vacuities  are  the  result.  Hence  it 
bccomea  ncceaeary,  when  objects  are  mounted  in  ccU&  with 
Canada  balaam,  that  the  balsam  aliould  Im  new  and  very 
fluid,  and  before  the  cover  is  put  on,  the  balsam  should  be 
allowed  to  remain  in  the  cell  with  the  object  for  some  hours, 
or  even  daytt,  if  nccesaary,  so  tliat  all  air  bubbles  may  riso  to 
the  Burface  and  buret;  when  thin  has  taken  place,  tlic  oorer 
liaving  been  warmed  on  its  under  surface,  may  be  laid  upon 
the  balsam  and  pressed  in  the  usuid  manner,  in  order  to 
exclude  all  that  is  superfluous.  If  the  balsam,  however,  have 
been  thinned  with  turi>cutiue,  the  chancca  are  that  the  vacui" 
tica  will  appear,  and  to  remove  them  it  becomes  necessary  to 
take  off  the  cover  and  fill  up  the  cell  with  freah  balaam,  which 
may  be  avoided  if  attention  be  paid  to  the  above  directions. 

In  warm  weather  the  vacuities  become  amall,  or  may  even 
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di8aj)pcar  entirely ;  but  when  winter  approaches  tliey  will 
iTflppcar,  and  accordiDg  to  the  amount  of  cold,  so  will  the 
vacultiu8  imrreiuo  in  mze. 

FtMsii  Infusoriay  ^'c. — These,  together  with  spicula  of 
apoiiges  and  objects  of  a  siliceous  nature,  which  have  been 
ilii«olved  out  by  acid  from  a  calcareous  or  other  matrix, 
mny  be  very  tatiily  muunted  in  baldom  without  air  bubbles  by 
pursuing  the  following  pUn: — li' the  objects  be  in  fluid,  a 
small  quantity  of  tlic  sediment  in  which  they  arc  contained 
may  be  taken  up  by  one  of  the  tubes  shown  at  fig.  H6,  anil 
placed  ujwn  a  number  of  slides,  and  each  slide  cxaoiined  by 
till!  microscope ;  those  contiiiiiiup;  good  Rpccimens  ehouM  be 
laid  aside  for  mounting,  whiLit  the  others  may  be  cleaned  ulll 
If  one  of  the  slides  fixe<l  upon  for  mounting  be  held  over  Uie 
lamp,  (he  Huid  will  sjiocdily  evaporate  and  leave  the  ubjcetB 
bt;hind ;  whilst  this  ia  going  on,  the  necdle-puiut  may  be 
used  to  stir  anil  keep  tlicm  from  collecting  tt^cther,  and  so 
largo  a  place  should  he  made  on  the  glass  as  not  to  exceed 
the  size  of  the  tJiin  glase  cover;  the  objects  must  be  all  kcjit 
OS  nearly  as  possible  within  this  q)aoe>  and  not  allowed  to 
got  near  tlio  outer  margin.  Should  many  impurities  be 
present  with  the  iul'usoria,  they  will  be  almost  certain  to  col- 
lect at  the  margin  of  the  fluid  aa  it  evafturates,  the  cover  in 
these  cases  should  be  only  so  large  as  to  reach  nearly  to  tho 
margin,  and  the  ring  of  impurities  may  be  scrn^K'd  away 
after  the  cover  ia  (ixcd  on,  the  whole  field  being  tl»en  lull 
perfectly  clean. 

^Vlien  all  the  flui<l  has  oTi^oratod,  the  balsam  may  be  used 
as  follows: — A  stnuU  drop  having  been  placed  upon  the  slide 
on  one  side  of  the  spot  where  tlte  objects  are,  this  is  to  be 
heated  until  all  air  btibbles  have  disap[iearc<l ;  the  slide  ia 
then  to  bf  tilted  to  allow  the  balsam  to  run  down  over  the 
infusoria,  the  cover  prerionsly  wanned  is  to  be  laid  upon  it 
and  pressed,  and  the  object  fiiiLBhed  in  the  usual  manner. 

WTien  objects  of  a  cellular  mituro  have  to  be  mounted,  if 
tbey  be  such  that  heat  will  not  much  injure,  they  may  be 
boiled  in  the  balsam,  otherrt-isc  muiibers  of  air  bubbles  will  be 
left  in  the  cells,  and  the  true  structure  cannot  be  eatiefactorily 
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mode   out;  Lhe  extra  dt^rec  of  heat  will  expand    the  «r, 

and  Ciivuie  it  to  make  its  cacapc^  whiUt  the  balsam  will  oocupr 
ita  plucc.      Some  objects  of  a   tubuliir  nature,    8ueh  as  tlie 
trachea;  of  insect*,  are  much  bettor  seen  »t*  air  be  coatoined 
in  the  tubes;  they  will  then  exhibit  the  npiml  tibre  in  tJteir 
interior,  but  a  tracheal  tube  filled  with  bnlaam  doe«  not  ahow 
the  fibre  at  all,  in  consequence  of  the  bulsacn  rendering  all 
tlic  parfji  transparent.       Small    ineectn,    such    a»    fleas  nod 
paniaitcs  of  animals  generally,  when  not  over  heated  in  the 
balsam,  show  remarkably  well  the  ramification»    of  the  tni- 
cbeae;    but   tlioao   which  have  been  soaked  for  a  lon|;  time 
in  turpentine,  or  have  had  the  air  expelled  from  the  tube«  by 
beat,  do  not  exhibit  tlic  splnd  markings  at  nil,  unices  under 
polarised  light,  when  they  may  n^n  be  rendered  risible; 
These  points  show  the  necessity  of  attending  to  the  manage- 
ment of  the  heating  of  the  bal»im ;  when  air  is  to  be  got  rid 
of,  tlie  heat  must  be  high,  and  when  the  air  is  necosaary  to  be 
preserved,  the  use  of  turpentine  must  bo  avoided,  the  heat  of 
tlie  balsam  must  be  as  low  as  jpossibic,  and  the  mounting 
accomplished  quickly,  in  order  that  the  air  may  not  have  time 
to  expand  very  much. 

Foramimfera^  ^r. — Certain  chambered  cells,  of  the  order  F<^ 
nuninifera,  and  many  of  tlie  siliceous  loricee  of  infusoria,  which 
also  have  cn%'itie8  in  their  interior,  are  very  diflicult  to  mount 
in  Imlsani,  so  as  to  get  rid  of  all  the  air  trom  their  intoHfir, 
even  boiling  will  not  always  answer;  for  this  purpose  the  aid 
of  an  air  pump  or  cxliausting  syringe  will  be  nccessar}'.  Afr. 
Matthew  ^{nrebnlt,  who  has  paid  considerable  attention  to  this 
Riihject,  employs  a  very  strong  square  copper  veaecl,  provided 
with  a  stop-cock;  into  this,  boiling  water  is  poured,  and  it  is 
then  placed  ufun  the  plate  of  an  air-pump.,  the  slides  containing 
the  objects  from  which  the  air  is  to  he  abstracted  are  laid  u{>on 
the  copper  vessel,  the  heat  of  which  is  sufficient  to  keep  the 
balsam  very  fluid ;  the  receiver  is  then  to  be  place<l  upon  the 
pump  plate  and  exhausted,  air  will  soon  be  seen  to  make  ita 
escape  in  bubbles  from  the  objects  and  from  the  balsam, 
and  when  again  admittiHl  into  the  receiver,  the  bubbles  will 
cbsappear,  and  the  luUsam  he  found  to  have  run  into  all  the 
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eeUuUr  ports  of  the  objected  and  to  occnpy  tlic  place  the  nir 
originally  did.  Should  all  the  air  not  bo  got  rid  of  by  tho 
first  exIiaustioD  of  the  receiver,  the  of»cmlion  may  be  re|>cated 
until  the  deeired  pftect  ia  produced.  The  air-pump  in  alao 
extremely  uaefol  for  mountiug  objectd  on  a  large  sealc  witliout 
air  huhhicf;  several  of  ihew;  being  plat^fn)  l>etween glnssoa,  and 
secured  iu  their  prujier  places  by  siring  ur  tine  wirc^  nuiy  be 
placed  upright  in  a  tin  vei!»cl  contninii^  balsam  liquefied  by 
heat ;  the  vcwwl  (aa  eoon  ae  the  objects  are  adjusted)  is  to  be 
placed  nmler  the  receiver  aud  exhausted,  the  air  confined 
between  the  glosees,  as  well  as  that  from  all  jMirts  of  the  object^ 
will  esrjipe,  and  the  hut  balsam  oi'cupy  its  place.  When  the 
baleiam  has  penetrnteil  every  jwrt,  the  sUdcti  may  be  taken  out 
and  laid  in  a  horizontal  [KMition^  and  when  cold  are  ready  to 
be  cleaned  off  as  follows : — 

Ctraning  BaJsamJram  tlie  SJifles. — For  this  purpose  on  olil 
knifcf  some  rags,  together  witli  turpentine  or  alcohol,  and  a 
small  quantity  of  ether,  will  Im-  required.  If  the  balfiam  he 
very  fluid,  it  may  be  wipc^l  otf  with  a  rag  dipped  occasionally 
in  turpentine;  but  if  rnlher  hard,  tlio  flat-blade<l  knife, warmed 
in  the  spirit-lamp,  will  readily  remove  the  greater  portion, 
whilst  tlic  turpentine  rag  and  a  thin  sharp  knife  will  clean  otf 
tlie  remainder.  Some  persons  scrape  away  every  [lartidc  of 
balsam  from  the  edges  of  the  cover ;  the  author,  however, 
prefers  leaving  a  little  there,  which  he  cuts  in  a  alnping  direc- 
tion, at  an  angle  of  about  45^  as  he  considers  timt  a  little  cm- 
baidiment  of  this  matciiol  tends  to  secure  tho  cover  more 
firmly  to  the  slide,  and  prevent  the  ingrpM  of  air.  Objects 
that  have  been  mounted  for  some  time  in  balsam  should  be 
hamlled  with  care,  as  they  are  very  ca^iily  damaged,  even  in 
beiug  wiped,  and  a  sudden  blow  or  jar  is  nearly  always 
atti-^nded  with  a  partial  separation  uf  the  baliHUu;  this  is  known 
by  the  appearance  of  coloured  bands  or  rings  from  the  thin 
film  of  air  which  has  gained  culmnco  between  tho  glassca. 
When  this  has  happened,  heat  should  be  applied  both  to  the 
oovcT  and  slide^  and  as  soon  as  tho  balsam  in  melted^  the  cover 
should  be  firmly  pressed  down  until  the  rings  have  cntirelv 
disap^K'nred.     The   risk  of  this  accident  will  be  materiftUy 
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lessened  if  the  sUdco  be  conted  with  paper.  Etlier  is  tlie  be«t 
solvent  of  Canada  balnun,  but  the  cost  of  it  prcTcnta  its  fre- 
quent use ;  in  aomo  delicate  opemtions,  however,  it  is  indifr- 
penaable. 

The  beet  form  of  vessel  for  keepii^ 
Cuuada  bubum  in,  is  the  one  represented 
in  fig.  2()U;  the  glaas  cover  should  bo 
sufficiently  tall  to  eucloee  the  rod  for 
taking  out  the  balfam,and  should  fit  otct  i 
the  neck  of  the  bottle,  \ta  upper  surface 
mnr  be  ground  flat,  as  shown  at  a,  so  that 
it  nmy  stand  atctulily  when  tiikcn  off. 

Utlier  points  to  be  poi-ticularly  at- 
tended to  in  the  mounting  of  different 
clnsaes  of  objects  will  be  mentioned  in 
the  part  of  the  work  devoted  to  the  de- 
scription of  the  mwle  of  preparing  them ; 
tlie  rules  above  laid  down  will,  however, 
be  applicable  to  by  far  the  greatest  ma- 
jority of  objects,  and  only  certain  modi- 
ficatiuna  of  these  will  require  separute 
mention. 

Method  of  Mounting  Ohjfcta  in  Media 
eontaiMtng  Gfiaiine. — The  various  phuis 
recommended  for  mounting  ofcgectfl  in 
Ouudft  bftbam,  will  apply  equjilly  well  to  the  media  de- 
scribed in  page  282,  but  the  chief  difliculty  conasts  in  getting 
rid  of  the  air  bubhlea,  or  the  vacuities  that  ocrur  in  ronae*. 
qnence  of  the  cvaiMrulion  of  the  water.  The  stKxiuien  to  bftj 
mounted,  if  in  a  moist  state,  should  be  jilaced  in  n  little  af| 
the  me<limii  diadolved  in  a  watch  glitsa  or  small  cell  by  tlioi 
of  a  gentle  heat  before  it  \b  placed  on  tiie  elide,  and  care 
to  exclude  any  bubbles  tliat  may  be  present  before  the 
is  put  on.  The  cover  should  nut  be  preracd  down  hanl,  na 
many  objects  have  a  tendency  to  curl,  and  will  Ul\  it  up^ 
and  air  will  rush  in.  The  copper  vessel  detcribcd  in 
310,  and  the  air  pump  will  l>e  genprnllv  found  requisite  for 
the  perftx:!  exdueiun  of  all  the  bubbU-s. 


Fig.  209. 
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CHAl^TER  VHL 

MBTBOD  OP  MOUNTING  OBJECTS  Ut  THE  1>RT  WAT. 

Many  very  delicate  structure*,  when  placed  eitlier  in  fluid  or 
ID  Canada  bal^ain,  lose  several  of  their  inocit  striking  chamc- 
ters;  tbcse  sbould  bo  mounted  dry.  Amongst  them  may  be 
mentioned  sections  of  teeth  and  bone,  and  of  some  kinds  of 
wood,  hairs  of  animals,  scales  of  butt^rflicR,  and  other  inuccti!, 
all  of  wliich  may  be  best  examined  in  tliis  condition.  Various 
methods  have  been  practised  irom  time  to  time;  one  of  the 
uldeutt,  perhaps,  wiia  that  of  enclosing  tlie  object  between  two 
circular  pieces  of  talc,  which  fitted  into  a  hole  cut  out  of  wood 
or  ivorj',  and  were  kept  there  by  a  ring  of  brass  wire,  four  or 
more  of  tlic«o  holes  were  made  in  one  strip  of  ivory,  and  tlie 
name  given  tn  it  waa  a  slider ;  this  plan  is  now  only  adopted 
with  the  inferior  microscopes,  and  has  given  phtce  to  othcr« 
more  generally  useful. 

J^irst  Method. — A  thiu  platc-glass  slide  having  been  selected 
and  cleaned,  the  object  is  to  be  laid  upon  it,  and  over  this  is 
placed  a  cover  of  very  thin  glass,  n  little  larger  each  way  tlian 
the  object ;  the  plan  of  securing  the  cover  is  as  follows : — If  a 
very  Uquld  cement  were  used,  it  would  immediately  run 
between  the  glasses  and  obscure  the  object;  therefore  if  gold- 
size  be  selected,  it  should  be  the  oldest  and  toughest  Tliick 
sealing-wax  varnish  has  lees  tendency  to  run  in,  but  the  best 
cement  of  all  will  be  found  to  be  tliat  described  at  [>agc  276, 
as  being  uaed  for  electrical  purposes;  this,  when  melted  in 
a  ladle,  can  be  laid  on  with  a  brush,  and  aftenvards  mxulo 
very  smotith  witli  a  piece  of  iron  wire  beatc<l  in  tbc  spirit 
lamp,  and  when  cold  can  bo  trimmed  otf  in  any  way  bv  a 
knife ;  as  soon  as  the  angle  between  the  cover  ami  slide  is 
filled  up,  the  cover  may  be  more  securely  fastened  down  by 
employing  the  gold-size  or  one  of  the  liquid  cements;  either 
of  these,  bewdes  adding  to  the  strength  of  the  first  coat,  may 
bo  employed  as  tlie  colouring  agent,  and  so  improve  tlie 
ap[)earanco  of  the  mounting  as  well. 
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Srcoiid  Method, — Many  persona  adopt  tlie  pliin  of  fixing  tbc 
cover  to  the  elide  by  means  of  paper  posted  over  both,  a  enull 
hole  19  cut  out  of  tlie  centre  of  iJie  paper  for  the  objncl  to  bo 
examined;  it  hoB,  however,  been  found  in  pnictiec  that  oU 
preparations  so  mounted  are  yeiy  liable  to   the   growth  of 
conferva;  nbout  them,  occasione*!  by  (hn  nioistoning  of  the 
paper  by  the   employment   of  postt!   or  otlier   cement.     A 
preparation  mouDtcd  at^er  the  manner  of  that  first  dc«crtbed, 
with  rnment  round  the  cd^os  of  tlie  cover,  will  look  very  neat, 
and  be  rendered  much  stronger  by  the  addition   of  paper, 
esjteciaUy  such  aa  that  employed  by  Mr.  Topping  and  othcri 
for  the  purpose,  or  that  of  which  a  specimen  is  ^ven  at  the 
end  uf  a  recent  publication,  entitled  Microscopic  Obfrctg. 

Test  objects  are  generally  mounted  with  a  very  thin  f^ass 
cover,  which  is  kept  on  with  paj>er;  a  much  better  i>bin,  how- 
ever, has  been  lately  contrived  by  Mr.  W.  S.  Gilleit,  whose 
Rkill  in  these  matters  la  so  well  known,  la  mounting  the 
siliceous  loricffi  of  Nanimla  hipjwcampu*  and  aHipthita,  the 
scales  of  the  podura  and  otlicr  insects  for  test  objects,  he  haa 
found  it  ncceesary  to  employ,  nolr  only  tbc  tliinnetft  lund  of 
glass  for  covers,  but  for  the  bottom  plates  atao,  ns  it  be- 
comen  of  the  greatest  importance  that  the  powers  emplovcd 
with  the  achromatic  condenser  should  lie  high,  and  l>e  brought, 
therefore,  as  near  the  object  as  possible,  the  two  best  plana 
adopted  by  Mr.  Gillett  may  be  here  described.  Tn  the 
first,  two  Sfjuare  pieces  of  the  thitim^st  glat-s,  of  unequal  sixe, 
having  been  ]>rovided,  tlie  object  is  to  be  placed  upon  the  | 
under  surface  of  the  smaller  square,  which  is  intended  to  form 
the  top  or  cover,  a  small  piece  of  wax  is  now  to  be  applied  to 
each  comer,  and  the  top  may  then  be  laid  upon  the  bottom 
piece,  the  wax  serving  to  keep  tlic  two  glasses  together. 
Two  thin  pieces  of  some  kind  of  cloac-gmincd  wood,  three 
inches  long,  one  wide,  and  about  one-tcntli  thick,  as  shown  at 
figs.  210  and  211,  are  also  to  be  providetl.  Fig.  210,  a  i, 
represents  the  outer  surface  of  one  of  these ;  in  the  middle 
there  is  an  a|>crturc,  half-im-iuch  or  more  in  diameter,  whose 
margin  is  bevelled  ofl',  as  shown  at  r.  Fig.  211,  d  r,  exhibits 
the  inner  surface  of  the  con-esponding  piece,  and  at  ^ff  are 
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Fig.  211. 


Been  five  nits  nuule  in  it 
with  a  saw,  which  do 
not  quite  f;o  through  the 
M'ootl;  between  the*?  two 
slices  the  thin  ghuwcs  eon- 
taioing  the  object  arc 
placed,  and  the  two  pieced 
of  wood  arc  firmly  feat- 
ened  together  by  four 
very  sliort  bnwe  wrews, 
the  nw  cuttings  allow- 
ing the  two  opposed  aur- 
foccji  of  tlic  wood  to  be 


broiiglit  into  cloec  ap[K)$!lJna  nt  the  ends;   a  motion  of  an 
object  80  mounted  ia  repre^ntcd  by  fig.  212,  in  which  a  b 


f!f 


Ftg.  313. 


exliibtt^  the  pieces  of  wood,  c  the  ^quarea  of  thin  ginae 
having  tiic  object  between  thcni,  and  f  f  the  saw  rute 
wliich  allow  the  ends  of  the  wood  to  be  brought  into  close 
approximation  by  the  acrcwg.  Tlie  other  plan  of  mounting 
is  shown  in  fig.  213;  ^  h  represents  a  wooden  nhde  similar 


Fig.  913. 

to  that  shown  by  fig.  210,  having  a  hole  about  hnlf-an-inch  in 
diameter  cut  out  of  the  middle;  the  upper  surfiicc  of  this  hole 
ia  flat,  but  the  under  surface  is  very  much  bevelled  away  at 
«r;  upon  the  flat  surface  the  two  plates  uf  thin  glatts,  with 
the  object  between  tliem,  are  laid,  these  are  kept  in  proper 
p<i«ition  by  a  layer  of  pa)>cr,  i* »,  which  covere  the  whole  of  the 
upper  surface  of  the  w<hh1,  and  as  much  of  tlie  thin  gla^s  as 
tnay  be  required.  Mr.  Gillett  has  improved  upon  the  first 
plan  of  mounting,  by  introducing  between  the  two  plates  of 
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wood  at  each  end  a  Btzip  of  metal  a  very  Utlla  thicker  Uian 


the  two  thin  git 


the 


cuts 


but  the 


present 
are  applied  betwceu  the  i*trij)s  of  metal  and  the  thiu  glass,  and 
not  near  the  ends,  as  seen  in  fif^.  212.  The  strip«  of  metal 
keep  tlic  ends  of  the  wood  open,  and  the  screws  pinch  tlie 
middle  more  firmly  down  on  the  thin  glasMS,  which  are  there- 
fore more  securely  fixed  than  by  the  former  method.  TUe 
wood  employed  for  the  purpose  of  making  these  elides  should 
not  be  either  cedar,  wainscot,  or  any  other  of  tlie  kinda  that 
arc  continually  giving  off  volatile  matter,  hut  should  be  some 
close-gniiued  wood  that  has  no  smcU  whatever;  a  picicc  of  w 
sdno  is  perhapfl  the  best  thing  that  can  be  used.  In  the  ^| 
preceding  description  it  was  )^tate<l  tlint  the  tliin  glu.see«  were  ^^ 
kept  together  by  a  Httlc  piece  of  wax  nt  each  comer;  if 
necessary,  however,  Canada  balsam  may  be  employed  to 
mount  many  of  the  specimens,  such  as  several  of  the  species 
of  miviculx"  that  are  uaed  aa  tests,  the  balsam  having  the  great 
advantage  of  rendering  the  risk  of  fracture  much  less  frequent. 
^VTien  thicker  objects,  such  aa  Hectiunu  of  bone,  teeth,  or 
wood,  require  to  be  mounted  dry^  some  thin  form  of  cell 
should  be  employed;  this  may  be  made  out  of  writing-paper 
or  cardboard,  by  selecting  a  piece  of  the  some  size  as  the 
cover  about  to  be  used,  and  cutting  out  a  hole  in  it  of  the 
shape  required,  and  cementing  this  to  a  slide  by  scaling- 
wax  v»mish ;  when  the  spirit  has  ev'nporated  and  the  cell  is 
firmly  ilxcd  to  the  glass,  a  coating  of  the  same  cement  may 
be  employed  to  cover  the  enUrc  upper  surface  of  the  ceil,  and 
to  thoroughly  saturate  the  paper.  ^Vlicn  this  coating  is  dry, 
the  cell  is  fit  for  use;  the  object  being  laid  in  it,  the  thin 
glass  cover  may  be  put  on  by  first  touching  the  edges  of  the 
cell  with  some  very  tliick  sealing-wax  cement,  and  then 
dropping  the  cover  on  it;  the  cover  will  be  held  in  its  place 
by  the  varnish,  and  the  slide  should  be  put  away  unt'd  the 
varnish  is  drj-,  when  another  small  quantity  of  the  same  ma- 
terial is  to  be  applied  round  the  edges  of  the  cover,  but  not 
enough  to  nin  far  under  it ;  as  soon  ad  the  last  coat  is  dry, 
another  may  be  Imd  ou  until  the  cover  is  firmly  fixed. 
Cells  may  idso  be  made  of  the  electrical  cement,  dcwribod  at 
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page  276,  tor  tbe  rooepcion  of  thin  objects,  by  painting  it  on  the 
slide  in  tbo  shape  retiuirctl.  TItc  object  being  placed  witliin  ft 
cell  so  fonued,  may  be  fixed  down  by  making  the  edge*  of  the 
cover  Bulliciciitly  hot  In  a  spirit  lamp  to  melt  the  cement 
when  it  is  laid  upon  it  Should  this  be  ineficetually  per- 
formed, a  Bmull  lieated  wire  applied  to  the  glass  or  to  the 
cement  will  readily  accomplish  it.  If  such  a  cell  as  tliia  does 
not  look  neat,  the  slide  may  be  covered  witli  paper,  with  a 
bolo  in  it  sufficiently  small  to  hide  all  appearance  of  tlio 
ceraent.  Gutta  (M^rclia  or  marine-^^lue,  us  described  by  Mr. 
Shadbolt  in  page  29(),  rolled  out  into  sheets,  and  cut  ont  witJi 
a  knife  or  witJi  punches  of  the  required  size,  may  also  be 
employed  as  a  substitute  for  the  paper,  but  it  is  difficult  to 
make  tlie  former  stick  to  ghss  unless  some  solvent  of  it  be 
used  as  the  cement  Kren  the  small  elastic  bands  made  of 
vulcanized  India-rubber  will  answer  for  thicker  objects,  or  tlic 
glass  rings  or  cells  that  have  prcnously  been  described  to 
contain  objects  mounted  in  fluid,  will  do  equally  well  for  such 
as  require  to  be  mounted  dry. 

Mr.  Darker  ji  Ahthni, — Objects.,  such  as  sections  of  wood. 
tliat  do  not  require  a  high  power  for  their  examination,  may 
be  mounted  in  a  very  neat  way  after  an  excellent  plan  firx* 
practised  by  Mr.  Darker.  The  following  description,  abridgci 
slightly  from  that  given  in  a  recent  work,  endtled  Microst-opu- 
Offjfctf,  will  convey  a  good  idea  of  the  metliud  to  be  adoplo*! 
for  this  purpose: — "  Two  slides  of  equal  size  being  8electe<l 
the  edges  of  each  should  bo  be%-ellcd  off  on  the  metal  plate 
as  represented  by  fig.  2H,  so  that  when  they  are  put  together 


Fig.  214. 

a  groove  or  channel  is  formed,  as  shown  at  h  in  the  figure. 
The  surtiices  having  been  cleaned,  Uie  bevelled  parts  are  to  I>c 
coated  with  a  thin  layer  of  sealing-wax  vamisli,  when  tliis  is 
dry,  a  Ubel,  if  required,  may  be  gummed  to  tlie  bottom  slide. 
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and  then  the  objects  Inid  on  it;  if  it  be  necessary  to  keep 
them  in  place,  the  6inallc«t  posaible  quantity  of  gum  may  be 
sppliei]  to  one  corner ;  the  top  plate  is  now  to  be  laid  on  the 
specimens,  one  of  tlie  edges  is  then  to  be  heated  in  the  thune 
of  a  spiiit  biuip,  and  the  groove  filled  wilh  sealing-wax,  u 
ahuwQ  at  a ;  when  one  edge   is  dune,  tlie  others  are  to  be 
heated  iu  tlie  same  manner,  undl  the  entire  groove  h  filled 
with  the  wax,  which  thue  acts  two  pur|)oses,  one  to  keep  the 
alidefl  together,  and  the  otlier  to  prtivent  the  access  of  air. 
The  excess  of  wax  may  be  cleaned  oD'  from  the  c^Jges  by 
rubbing  them  upon  itand-paper  lud  on  u  flat  board,  until  they 
Kv  smuotl) ;  li'  blight  edges  be  required,  they  may  be  paaeed 
quirkly  through  the  flaiim  tif  the  spirit  lump.     It  must,  of 
coiuve,  be  borne  in  mind,  that  all  objects  mounted  iu  tlud  way 
should  be  made  perfectly  dry  before  they  are  ucaleO  up."    The 
author,  ramc  yeara  ago,  was  presented  with  a  collection  of 
BQctiouB  of  wood  by  Mr.  Darker,  wliich  have  not  only  kept  in 
tlielr  places,  but  are  as  perfect  and  as  free  from  confervio  as 
when  they  were  first  received,     Tliey  are  all  labelled  after  a 
very  excellent  plan,  \vLt  by  having  the  generic  and  specific 
name  on  one  side  of  the  label,  and  tlic  popuhir  on  the  other. 
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CHAPTER  IX. 


MODNT1N6  OPAQUE  OBJECTS. 

Opaque  objects  may  be  mounted  in  vai-ioua  ways: — on  discs, 
on  cylinders,  on  glaft(*  slides,  or  in  cells. 

Oh  Discs, — The  discs  couMst  of  circular  pieces  of  some  soft 
material,  tlu-ough  whicli  a  pin  is  {ussed,  they  may  vary  in 
diameter  from  a  quarter  to  one  inch :  one  kind  may  be  con- 
veniently made  by  glueing  together  two  pieces  of  cju-d-boord, 
with  a  piece  of  rather  thick  chamois  leather  between  them, 
and  then  cutting  out  with  a  punch  discs  of  any  requli-ed  size. 
Thiough  the  chamois  leatlier  a  long  but  strong  pin  is  to  be 
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IKXiNid  in  the  direction  shown  by  fig.  215;  the  ^iaca  may 
be   nude  block  Mrith   lamp-black   (that  sold  in 

i     shops  in  the  niuist  state  in  Httlu  olilong  aiuoere 
will  bo  foumi  the  beat)  or  with  lacker  in  which 
lump-blaek  Ims  been  mixed ;  in  tliia  latter  caett 
tht'y  slioiiiJ  be  warmed  either  lictbrc  the  lacker 
is  applied  or   utterwoixls,  to  dry   it.     The   felt 
which  is  tided  an  gun-wudding,  or  the  pelleta  that 
are  sold  already  cut  out  Tor  guns,  may  be  substi- 
tuted for  the  card-board  and  chamois  leather,  or 
even  leather  itaelf  may  be  used  with  advantage, 
rig.  215.     Trausvente  slices  of  smidl  phial  corks  arc  very 
good,  but  to  muke  them  look  welt,  they  should  have  their  cut 
iuiftoea  eoveretl  n*ith  black  jHiper,  whicli  rcndeni  their  manu- 
facture rather  more  troublesome. 

Upon  the«?  discs  the  object*  are  to  be  comontcd ;  this  may 
be  readily  done  eitlier  with  some  thick  lam[)-black  or  with  the 
lacker  and  lamp-black,  both  these  cement*  having 
y        tlic  advantage  of  being  a  dull  black,  and  not  of  a 
^H^    sliiiiy  aspect  as  gum  or  sealing-wax  dissolved  in 
HHB    spirits  of  wine,  whioh,  on  this  acctmnt,  are  objeo- 
^^^    tiouuLlc:  the  darker  an  object  is,  the  more  dork 
I  ought   the  disc   to    be ;    white   discs    should    be 

I  avoided,  as  they  reflect  the  light  and  interfere  with 

correct  defiuition.  Objecta  may  be  placed  ujH>n 
both  sideri  of  the  disi«,  or  one  side  may  be  oc- 
cupied by  a  ntunber  for  the  sake  of  reference,  and  this 
side  may  be  cither  left;  white  or  black ;  if  black,  the  number 
may  be  put  on  in  white,  or  a  printed  one  witJi  a  white  margin 
may  be  used.  Five  different  ways  of  mounting  objects  on  these 
discs  are  shown  by  figa.  215-16-17.  In  the  first,  where  the 
object*  aiv  thick,  they  may  be  simply  cemented  to  tlie  disc. 
In  the  HMiond  is  seen  a  plan  which  answers  very  well  for  the 
capsides  of  mosses,  viz.,  to  glue  a  small  piece  of  cork  to  the 
lower  HuHiice  of  the  disc,  and  to  attach  the  little  stems  of  the 
capsules  to  this ;  they  can  then  be  ammged  in  tlic  best  way 
for  viewing  their  moutlis.  In  the  lliird  and  fourth  ways  the 
sjune  thing  is  shown,  but  a  small  circle  of  cx>rk  is  employed 
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instead  of  a  loi^ger  piece  In  the  fifUi  i»  ex- 
hibited the  method  of  mounting,  so  that  tbe 
side  of  the  object  bb  well  as  the  front  ma^  b« 
examined. 

Mlicn  it  is  necessary  tliat  both  8ldes  of  an 
object  should   bp  viewed,  ft  diBC,  an   inch  or 
more  in  diameter,  may  be  oaed,  out  of  which 
a  small  disc  ha«  been  punche<l,  as  shown  hy 
fig.  218,  but  not  exactly  in  the  ctntre;  through 
the  bron<l  [>art  the  pin  is  passed,  and  the  ob- 
ject may  be  cemented  to  one  of  the  ndca,  or 
what  li  better,  if  it  can  be  managed,  b  to 
separate,  by  means  of  a  penknife,  the  chamobi 
leatiicr  from  one  of  the  cards,  and  into  tbia 
fissure  to  place  the  object,  the  applt<-atton  of  a 
little  cement  being  required  to  keep  it  thcru. 
Via.  217.        Supposing  thcobjucttobcaportionoffem^thU 
plan  will  emible  an  observer  to  view  both  rides 
of  it,  or  even  look  through  it,  and  if  at  any  time  tlic  disc  were 
Iflkl  flat  on  the  table,  the  object  would   be  preserved  fVom 
injury  by  being  situated  in  a  plane  inter- 
iniMintc  between  the  two  outer  sides.    Su|>- 
|>n«iing  very  small  discs  arc  reqtured,  Afr. 
George  Jackson  has  devised  an  excellent 
nictho<l,  whereby  with  pins  and  bhick  Mal- 
iiig-wax  st>me  u^tul  ones  may  be  made  in 
the  follotving  way: — Take  a  long  pin  and 
tclifrlitly  warm  it  in  the  middle,  then  t:dcp  a 
titick  of  hlnck  fealing-wax  and  njelt  it  in 
the  flame  of  a  candle  or  spirit  lamp;  having 
put  a  email  quantity  upon  ihe  middle  oT 
FIk  il^  tJie  pin,  hold  tlic  latter  cither  iu  tlu*  flonte 

of  the  hunp  or  near  it,  and  as  the  wax  melts,  revohre  the  pin 
<*n  its  axi* ;  if  this  Im?  iJonc  nither  quickly,  the  scalin^-waz 
will  be  eqiully  distributed  about  tin-  pin,  the  pin  then  should 
lie  tmnicdiately  removal  from  the  tiame,  and  placed  upon 
%  j«ew5  nf  glass,  and  the  wax  pressed  ujMjn  by  another  piece  of 
gluA,  M>  as  to  uinvert  Lbe  globule  into  a  flat  disc.     Upon 
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tlicK  diacs  the  objects  may  he  mounted  id  the  iimsi\  way. 
A  little  practice  will  enable  a  pei'soii  to  make  them  cnsilvT 
and  of"  a  cimilar  fignre ;  tlipy  may  he  nleo  made  of  an  oval 
Hliapo  hy  spreading  out  the  wax  on  the  pin,  being  careful 
that  the  tliieker  jiart  of  it  occupies  the  centre  of  tJie  pin,  and 
not  oiio  of  the  ends,  othenvise  irrcj^ulnr  Blia|>es,  and  not  ovals, 
will  be  tlie  rcsidt  The  ground  upon  which  tlio  object  ia  to 
be  placed  ia  neceaMirily  shiny,  but  it  can  ea«>ily  be  made  to 
assume  a  dead  bWk  hue  by  M:niptng  it  witli  a  knife.  Discs 
M  made  are  very  durable,  and  have  a  neat  ap|>curance. 

On  Ct/tindvTK. — These  may  he  made  of  cork,  wax,  or  ivorv, 
of  the  shape  reprcscnte<l  by  fig.  219;  the  pin  may  be  passed 
cither  through  the  long  or  the  aliort  axis 
of  the  cylinder,  so  that  an  object  may  be 
mounted  on  the  cuda  of  (he  latter^  or  on  the 
side  of  the  former.     Gutta  percho,  which  is 

TX       now  coming   into   use  for  lathe  bands,  and 
Rj      may  be  obtained  uf  nearly  any  size,  can  be 
B|      cut  into  ieugths  of  half-^u-inch  or  more,  and 
T      a  pin  heated  to  a  temperature  a  little  above 
I        tliat  of  boiling  water  may  be  readily  poised 
t        through  them,  and  when  cold  \vill  be  fixed 
Pig.  319.         very  tightly. 

On  Slide*. — ^Tliia  ia  moat  easily  done  by 
panelling  out  frtim  black  paper  little  circles  from  the  one- 
fourth  to  one  inch  in  diameter;  tliese  may  be  stuck  either 
with  gum  or  paste  upon  the  ordinarj-  sized  gla^"*  slide,  as 
shown  by  fig.  220 ;  upon  these  black  discs  tltc  objects  may  be 
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Fig.  220. 

fixed  with  any  of  the  cements  before  alludeil  to,  in  the  8:im4 
manner  as  on  tho«c  of  cardboard  or  Icatlicr.  They  possess  tlii« 
great  advantage,  that  they  may  I>e  arranged  in  a  cabinet  wilh 
other  objecU,  wliich  cannot  be  done  with  those  on  the  pins ;  but 
they  arc  very  liable  to  be  injured  materially  by  dust  and  dirt,  and 
21 
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unlr  amall  shells  or  objects  that  cannot  be  damaged  by  w  iping 
with  a  eanielVhair  pencil,  ought  to  be  mounted  in  this  way. 

/«  (>//».- — For  this  purpose  it  will  be  found  convenient  to 
use  cells  not  cxccedlnj;  Iwll'-an-inch  in  diameter,  or  the  »iw*  of 
the  lai^est  dark  ^top ;  they  may  be  cut  from  lai^  luromcter 
tubes  of  any  rcjuiretl  thicknc«,  and  are  to  be  cemented  to 
the  slides  with  mnrinc-gluc  in  the  usual  manner.  Ai\cr  tlic 
cell  has  be«n  cleaned  and  the  cover  and  object  selected,  eotue 
binck  scaUng-wax  ^'arnish^  nither  thick,  may  be  dropped  into 
the  bottom  of  the  cell,  upon  tlm  the  object  is  to  be  liiid ;  the 
^'aroish  will  eervc  a  twofold  pm-pose — first,  as  a  cement  to 
keep  the  object  in  its  place,  and,  secondly,  a«  a  stop  to  prerent 
the  trunauiifsioa  of  light.  When  the  ecaltog-wax  haa  become 
hanl  the  cover  may  be  laid  on ;  this  can  be  efieoled  in  one  of 
two  MravB,  c)t))or  by  the  plan  rccominendod  for  the  tliin  dry 
cells,  or  by  putting  a  layer  of  old  gold*«ize  upon  the  walla  of 
the  cell,  and  allowtng  it  to  get  nearly  dry,  tlien  laying  on  thu 
cover,  and  nfter  the  lopsc  of  a  day  or  two,  when  tlic  size  haa 
become  hard,  filling  up  tlic  angle  between  ilie  cover  and 
cell  with  gold-size  laid  on  in  aercnd  thin  coatings  w  that  it 
may  not  run  in  and  interfere  with  the  object.  Thia  plan 
will  be  found  highly  advantageous  for  most  objects;  they  may 
be  well  seen  witli  the  Lieb(.-rkuhu,  the  black  cement  acts  as  a 
stop  or  dark  welt*  and  the  «mall  size  of  the  coll  allows  of  the 
light  being  readily  tnuumitt«I  on  all  sidne  of  it,  so  that  no 
stop  under  the  stage  will  be  require<l.  llic  glass  cover  doe* 
not  at  all  interfere  with  correct  definition  unless  tbo  Uj^it 
be  thrown  upon  it  very  obliquely,  when  some  peneild  must 
necessarily  be  rc6ectcd;  but  witli  ihu  vertical  light  from 
the  Liclwrkuhn,  nearly  as  moch  will  [toed  through  as  if  the 
cover  were  not  present.  The  elytra  of  tlie  diamond  and  other 
beetles  wliii-h  still  exhibit  Uieir  raiulxiw  Imcs  when  placed 
Id  Canada  baltmm,  can  be  well  seen  when  mounted  in  thic 
manner;  but  tlioec  objects  which  re«^uire  tbe  light  to  fall 
ujMiu  them  at  very  oblique  angles  to  eliow  tlicir  |ilay  of 
colours,  muAt  be  mounted  un  discfi  with  the  pin,  by  whacli 
means  ihcy  can  with  facility  be  turned  in  every  dircctioo,  anl 
ao  dispUy  their  resplendent  lint& 
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When  Camultt  balBmu  U  ueed  for  mounting  the  epecimene, 
tlic  prccHutiona  menUoned  in  pof^  .'U)8  roust  Iw  attended  to; 
the  hnl^am  must  be  very  lluid,  but  not  made  so  with  turpen- 
tine, and  the  cover  must  not  he  put  on  till  all  tJie  nir  hubbica 
have  disappeared,  otherwise  the  little  \'acuities  there  alluded  to 
will  occur  alter  tlie  lajwe  of  a  few  weeks  or  months. 

A  very  convenient  mode  of  mounting  opaque  ob)ecta  in 
eells  in  the  dry  way  is  shown  in  section  by  fig.  221,  where  b 


Fig.  331. 

rpprewnts  a  thin  piece  of  mnliogany  or  otlior  hnrri  wood, 
liaving  a  ccU,  c,  borc<l  out  in  \t»  middle  by  meang  of  a  centre- 
bit  ;  tlio  hole  sliould  not  extend  througli  the  entire  tluckne^s 
of  the  woofl,  but  about  Imlf  way,  as  shown  at  r;  the  ubjcct« 
fiulened  to  a  diec  of  paper  or  cord  may  bo  secured  to  the 
bottom  of  the  cell  by  means  of  one  or  other  of  the  cements 
previously  <Ieacnbed,  and  a  cover  of  Uiin  gla^s,  tl,  having  been 
placed  over  tlie  hole,  may  be  firmly  fixed  there  by  one  of  the 
cements  or  by  a  layer  of  paper,  e,  gummed  to  it  and  the 
mahogany  in  the  manner  described  at  page  314. 

Air.  Julius  Page  had  mode  some  very  exuellcnt  ccIU  of  tho 
flattene<l  tin  wire  employed  by  cabinet-makers  for  inlaying, 
by  bending  it  into  a  square  or  rutmd  shajic  upon  a  bar  or 
cylinder  of  wood;  these  he  fixes  to  the  slide  by  marinc-ginc 
or  other  cement,  using  a  large  quantity  on  the  out^de  of  the 
cell  to  form  on  embuidtmeut,  and  to  prevent  tlie  gold-size 
employed  in  the  fastening  down  of  the  cover  from  entcrmg 
tlie  cull  where  the  two  ends  of  the  wire  are  brouffht  into  con- 
tact  Cells  so  made  will  ans^vcr  as  wcU  for  prcporaLions 
mounted  in  fluid  as  for  those  tlmt  are  dry,  tin  being  a  metal  on 
which  few  of  tlie  preservative  solutions  will  act. 

In  IW  Boxes. — The  author's  late  brotlier,  ilr.  Kdwin 
Quckett,  adopted  a  plan  for  mounting  opnquc  object*,  which 
answeretl  cxeccdlnglv  wellj  tliJs  was  to  select  sume  suudl  but 
21- 
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wt^ll-iiiade  pill  boxen,  and  to  glue  to  the  bottom,  or  to  the  ndc 
or  cover,  a  piece  of  cork,  of  one  or  other  of  the  nhnpea  rcpre- 
KDtcd  hy  fig.  222.      In  tlie  first  three  are  seen  cylindricid 


Fig.  222. 

pieceH  glued  to  tlic  cover,  ia  the  {burth  is 
shown  a  semicircular  piece  fixed  to  the 
aide,  and  in  the  HtUi  and  sixth  a  cone  and 
a  cylinder  nttache*!  to  the  bottom  of  the 
box,  all  of  which  plans  will  be  found  usefuJ 
for  dittercnt  kinda  of  objcctd. 

In  onier  to  hold  thcee  boxc*,  he  em- 
ployed a  pair  of  forceps  of  the  shape  repre- 
sented hy  iig.  223.  a  ia  a  piece  of  steel 
wire,  having  at  each  end  two  piecea  of 
main-spring,  b  b\  those  at  h  Iiave  two  semi- 
circular pieces  of  brass  tivctted  to  them  lu 
cnilmire  the  box,  as  shown  at  (/,  whilst  at 
I'  tlic  springs  arc  bent  as  there  represented, 
in  onler  to  hold  the  cover  or  the  bottom  of 
the  box  in  a  Iiorizoutal  position.  The  wire, 
a,  slides  through  a  short  piece  of  spring 
tube  attnchcd  to  a  joint,  c,  below  which  ia 
Fig.  223.  ft  |'i»i  for  connecting  the  instrument  to  the 

stage  of  the  microscope,  as  in  the  case  of 
the  other  forceps  described  at  page  129.  Mr.  Jackson  haa 
also  adopted  tbc  plan  of  mounting  opaque  object*  in  pill 
boxes,  but  he  makes  a  liole  in  the  bottom  of  cacii,  by  means 
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of  which  he  fits  them  on  a  sharp-pointed  pin  attached  to  the 
ordinan*  tbrccpfl.  Objectn  bo  mounttMl  pofwefls  many  advan- 
lagca:  they  are  preserved  from  dust  and  injury,  and  the  namei 
of  each  being  written  on  the  cover,  they  may  be  packed  away 
in  drawers  and  easily  recogniaed  when  required. 

Our  atteutiun  must  now  be  directed  to  the  preparation  of 
particular  classce  of  ohjecta. 
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TO  MAKE  SECTIONS  OF  BONE  AND  TEETR. 


Tbe  ap|>aratu8  required  to  make  sections  o(^  bone  and  teeth 
will  be  OS  follows: — A  fine  saw,  sucli  as  is  used  for  cutting 
metal ;  two  or  three  flat,  safe-edged  files,  one  of  them  very 
finely  I'ut ;  a  hhwII  hand-vice ;  two  lionus  of  the  water  of  Ayr 
stone ;  strips  of  glass,  two  tnches-and-a-half  long,  and  half-nn- 
inch  broad ;  some  old  Canada  balsam ;  a  iMitall  bottle  of  sul- 
phuric ether;  and  a  strop  of  buft"  leather,  or  a  cake  of  resinous 
matter,  charged  with  putty  iwwder. 

The  first  thing  to  attend  to  in  making  a  section  of  recent 
bone,  is  to  select  a  port  {>erfectly  free  from  greaw;  as  thin  a 
section  as  poseiblo  is  to  be  cut  from  it  by  tlie  6ne  saw,  and  be 
made  flat,  and  at  the  same  time  further  nMluced  by  means 
of  tlie  file.  If  the  section  bo  not  very  brittle,  it  may  be  hchi 
by  the  hand-vice,  and  being  supjiortetl  u|K)n  a  flat  piocc  of'  wood 
or  cork,  may  be  brought  by  the  file  nearly  ttt  its  pn»per  degree 
of  thinness.  If  one  hone  only  is  at  hand,  tiie  section  may  be 
laid  upon  it  with  some  water,  and  be  rubbed  backwards  and 
forwards  by  a  finger  pressed  upon  it,  until  botli  its  surfaci-s 
have  ac([uired  a  certain  amount  of  polish;  it  may  be  examined 
from  tinw  to  time  by  the  microscope  to  see  when  it  is  tliin 
enoxigh,  and  when  this  point  is  arrived  at,  we  may  proceed  to 
polish  it;  if  the  section  be  intended  to  be  moimtcd  in  CazwdEi 
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baltum,  a  great  amount  of  {mllih  ta  ni>t  neooBaary ;  it 
then  be  simply  rubbed  upon  n  strop  of  bufl' or  chamois  leatbt 
until  tbe  deaircd  effect  is  obtained;  if,  on  the  contrary, 
section    is    to    be   mounted    dry,  the   polishing'   should 
carefully  attended  to,  a^uff  leather  etrop,  witli  putty 
and  wnter>  must  be  employed,  and  the  section  nibbed  uj 
it  until  a  perfect  poliidi  in  proc'tired.     Tlie  excesa  of  putt 
powder  about  the  specimen  may  be  removed    by  re{>eat< 
wai!>liing.     If  the  operator  be  pro\-ided  with  two  hones,  tbe 
section  may  be  quickly  mndc  very  thin  by   rubbing  them 
one  upon  tlie  otlier  witli  tlie  section  between   them ;    when 
sufficiently  thin,  it  may  be  polished  in  the  above  described 
mnnner.     Should,  however,  the  section  be  brittle,  we  niu«t^^ 
Imve  recourse  to  a  ditFerent  method,  to  effect  its  being  grouiitt^^ 
on  the  hone  without  fracture.     For  thlsi  purpose,  aa  thin  a 
section  ns  possible  ha\'inp  been  removed  by  the  saw,  it  i?  firrt^ 
to  be  6Ied  and  then  rubbed  dowu  on  the  houe,  and  polifht>dj 
on  one  side  only.     The  secUon  is  next  to  be  dried,  and  thcnj 
cemented  to  one  of  the  narrow   atriptt   of  plute-glaas  witJi 
Canada  bnlMun ;  iu  order  to  effect  this,  some  old  balsam  should 
be  procured,  and  a  small  porticra  laid  ufion  the  centre  of  one  of 
tbe  flat  surfaces  of  a  strip  of  plate-glass,  which  is  (hen  to  be 
hoatwl  until  the  linlsiini  is  melted  and  many  of  the  air  bubbles  > 
have  disappcarcfl ;  the  gloss  may  tlicn  be  removed  from  the' 
flame,  and  when  it  has  bcctmic  slightly  cool,  the  section,  with 
its  polished   surface   downwards,  is  to  be  placed  u]K>n  the 
balsam,  and  pressed  firmly  down  until  tlie  balsam  is  quite 
eold,  care  being  taken  that  the  entire  surface  of  the  section  he 
in  contact  with  the  glaHS.     A  gowl  deal  of  the  superfluous 
balsam  may  now  be  cut  away  from  the  rides  of  the  section, 
eufficiciit  being  \v.i\  to  hold  it  firmly  to  the  glass;  if  It  he  %'erT 
thick,  tlie  file  may  be  used  to  reduce  it  at  first,  and  then  it 
may  be  brought  down  to  a  proper  degree  of  thinness  by  the 
hone;  as  the  grinding  is  being  proceeded  with,  the  eectJon 
may  be  from  time  to  time  examined  by  the  microscope,  and 
when  it  has  been  found  1o  be  thin  enough^  tliis  sur&cc  also 
may  be  polished  on  tlie  buff  leather  in  tlie  same  way  ag  the 
one  first  describe<1.     The   next  step  is  the  reiuoval  of  the 
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section  from  the  jjluss;  this  is  readily  effected  hy  dropping  the 
slip  of  g\a&A  into  the  stoppered  bottle  containing  ether^  wluch, 
in  a  very  short  space  of  time,  will  di;^>solvc  all  the  balsam,  when 
tlic  section  will  drop  off;  it  niay  then  be  removed  from  the 
ether,  and  when  dried  is  ready  for  being  perniunently  mounted. 
It  will  now  be  Been  wliy  a  elip  of  frlnea  of  a  |K»rliciiliir  length 
and  breadth  was  recommended  at  the  commencement,  it  baa 
many  advantagcaover  either  longer  or  sliorlemtripe;  iu  the  first 
place,  if  tlic  section  should  be  thicker  on  one  side  than  the 
other,  the  glaas  can  l>e  tilted  a  little,  so  tlmt  the  side  which  ia 
the  thickest  may  be  rubbed  the  roost,  and  in  a  short  time  an 
uniform  degree  of  thinness  will  Iw  obtained;  secondly,  it  is  by 
far  the  best  phin  to  keep  ether  in  a  bottle  with  a  8topj>er  not 
much  exceeding  baif-an-iueh  in  diameter,  as  in  larger  bottles 
the  stoppers  seldom  fit  so  nicely  as  to  prevent  evaporation; 
into  the  small  bottles  the  slijw  of  ghias  previously  described 
will  readily  drop,  and  the  other  need  not  more  tlian  lialf  fill 
the  bottle,  fur  su  long  as  it  reaches  as  lugh  as  the  section, 
the  desired  object  will  be  obtained  ;  when,  however,  Uie  stock 
ia  reduced  so  low  that  it  will  not  reach  the  section,  one  end  of 
the  atip  of  glaaa  may  be  cut  off  with  a  dinmon<],  and  only  a 
Rmall  qmintity  of  ether  will  then  lie  necessary. 

If  it  be  required  to  make  sections  of  fossil  bones  that  are 
too  hard  to  be  cut  with  a  saw,  tlje  iipparatua  employed  by  the 
lapidary  must  bo  had  recourse  to;  this  consists  of  a  thin  iron 
wheel,  the  edge  of  which  is  charged  with  ornery,  or  with 
diamond  dust ;  after  the  section  haa  bcoa  mode,  it  is  tlien  to  be 
cemented  to  a  piece  of  glass  and  polished  on  both  surfooee^ 
tlie  material  used  for  the  cutting  being  a  llui<l  known  as  ml 
of  briuk.  The  ordinary  wheel  cmploytsl  by  the  lapitlary  mna 
horizontally,  and  is  lumed  by  the  hand;  on  npimratus  of  the 
same  kind,  but  used  by  tlie  jeweller,  consists  of  a  small  steel 
or  copper  disc,  tmned  by  a  foot-whe<!l ;  one  or  both  of  these 
will  be  requirwl  by  those  who  wish  to  devote  much  attention 
to  the  structure  of  fossil  bones  and  leetii.  It  is  u^ual  to  mount 
such  sections  on  pieces  of  plate-gloss,  without  any  covering  of 
Cnnnda  bidsimi  or  thin  gloss  over  them ;  if  tlicy  hnve  n  polisheil 
8urtaoc«  their  structure  can  be  admirably  nia<lc  out. 
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When  it  is  necessary  to  examine  tlic  bone  cells  or 
meuts  of  fossil  bone,  chippings  only  arc  required  ;  tiiese  may 
be  produced  by  striking  (he  bone  witli  the  edge  of  a  email 
hammer,  then  carefully  selecting  the  tliinnt'et  of  the  chipe,  and 
placing  them  at  once  without  any  grinding  in  C-anada 

Mounting  Sections  of  Bone. — The  next  process  is  that 
mounting  the  sections;  this  may  be  done  cither  in  the  dry 
way,  as  described  in  page  316,  in  a  tliin  cell  in  fluid,  or  in 
Canada  balsam.  Jf  Uie  section  be  very  thin,  trani*parent, 
and  wcU  juUslicd,  it  ou^ht  tu  be  mounted  citlicr  in  fluid  or 
dry ;  if  not,  the  Canada  balsam  may  be  had  recourse  \o. 
The  method  of  doing  which  is  as  follows: — After  banng 
placed  some  thin  Canada  balsam  on  a  slide  of  tbc  requiro<l 
size,  it  must  be  heated  until  it  bolls;  it  may  then  be  laid 
aside  for  a  moment  to  cool,  when  the  section,  having  been 
previously  made  dr)-,  is  to  be  placed  in  it ;  if  tlic  balsun  be 
too  cold  for  the  sectiou  tu  sink  into  it,  a  little  more  heat 
must  be  applied,  and  as  soon  oi*  the  balsam  \*  again  fluid 
enough,  the  section  may  be  embedded  in  it ;  should  the  beat 
be  such  aa  to  cause  air  bubbles  to  appear,  it  will  then  be 
desirable  to  remove  them  before  the  thin  glass  cover  is  laid 
on;  this  may  be  done  in  two  ways,  either  by  drawing  them 
from  the  field  in  the  neighbourliood  of  the  object  with  the 
pointed  instrument,  or  by  heating  the  balsam  again,  so  as  to 
uukc  it  boil ;  when  the  bubbles  are  all  removed,  the  Uiin 
gla»  cover,  with  its  under  surface  warmed,  nuiy  be  laid 
upon  the  baUam,  uud  prci!.sed  down  so  U3  tu  exclude  at  tlic 
some  time  all  the  air  bubbles  and  oil  the  sujteHiuoufi  bolMuit. 
In  some  cases  the  nutlior  Itas  found  ilmt  sections  of  bone,  wbidi 
liave  been  laid  in  balsam  and  healed  until  the  balsam 
boiled,  exhibit  tlieir  intimate  structure  more  beautifully 
they  did  before  tlie  extra  heut  had  been  applied.  \5 
a  section  is  put  into  very  hquid  balsam,  tho  bone 
soon  become  filled,  which  makes  the  structure  in(U8tiiict ; 
heocD  it  is  tH'tler  tu  mount  all  bones  in  the  dry  way  or  in 
except  tliiiM*  which  are  of  a  very  dark  colour,  and  bai 
bone  cells  aud  cuudi  filled  with  earthy  matter.  AH' 
of  nwont  and  greuy  boDC«  should  be  aoaltod  in  other 
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for  Bomc  little  time  before  tlicy  arc  mounted ;  tliia  diaealvea 
the  grease,  and  makes  the  bone  ccUt^  and  their  canaliculi  much 
more  dttttinrt 

Fmguienta  or  chippin^s  of  fossil  bones  may  be  put  into 
bala&iii  without  any  grinding ;  and  as  it  generally  happens 
that  in  such  l>onea  all  tlie  cells  and  canals  are  ftiU  of  earthy 
substance,  it  doea  uot  matter  il'  the  bi^lsani  have  been  made  to 
boU ;  it  is,  perhaps,  the  better  plan  tliat  tliis  should  be  done, 
as  it  makes  the  intercellular  tissue  more  transparent,  and  the 
hnne  cells,  therefore,  can  be  seen  moi*e  distinctly. 

It  may  be  as  well  here  to  state,  that  the  seotiona  should,  if 
possible,  be  made  in  two  or  more  tlirections;  thus,  for  instance, 
if  the  specimen  about  to  be  examined  be  a  portion  of  the 
sliaR  of  a  long  bone,  we  should  cut  the  firwt  tranaveraeJy  and 
the  other  two  longitudinally ;  one  of  the  latter  may  extend 
tlirougli  the  medullary  cavity,  and  tlie  otlier  merely  through 
the  outer  or  periosteal  surface.  The  scales  and  tliin  plates  of 
Ixine  of  fishes  will  rarely  require  more  tlian  grinding  down  on 
the  bone ;  if  the  surface  of  the  scale  be  enamelled,  as  in  the 
Lepidostcus,  the  inner  surface  only  may  be  rubbed  down  on 
the  hone,  and  the  outer  left  with  ita  natural  |>ulish  of  enamel 
on  it,  the  ground  surface  may  be  cemented  to  a  slide  by 
Canada  baWm,  and  the  euamellcd  will  then  require  no 
covering  ettlier  of  thin  glasi;  or  of  liabuun,  but  be  kept  in  the 
same  manner  aa  the  fossil  woods  before  described.  In  order 
to  obtain  a  perfect  notion  of  tlie  structure  of  bone-,  one  or 
more  sections  should  be  soaked  in  dilute  muriatic  acid  to  get 
rid  of  the  earthy  matter,  and  othera  in  caustic  potash  to  destroy 
the  animal  matter ;  these  should  be  mounted  in  fluid,  and  will 
be  foimd  very  instructive. 

To  mah'  S^tioH*  of  Tert/i. — The  teeth  of  fishes  not  being 
supplicil  with  a  layer  of  dense  enamel,  may  be  cut  in  tlie  same 
way  as  ordinary  bone,  with  a  fine  saw,  and  then  be  rubbed 
down  between  the  hones,  and  jiolishcil  in  Uie  usual  manner; 
but  those  of  nearly  all  the  liigher  uuuiuualin  being  coated  more 
or  less  with  enamel  of  flinty  hardneflB,  will  require  a  much 
greater  amount  of  labour  to  be  expended  on  them. 

The  saw  best  adapted  for  cutting  tiirough  tlie  enamel  is 


330 


MANIPLLATION. 


that  used  for  iron  and  braes;  even  this  will  oflcn  become 
blunt  before  the  cutting  is  completed.  It  will  l>e  alniort 
vain  to  indul^rc  in  the  hope  of  mnking  more  than  two  longi- 
tudinal HcclionB  of  one  tooth ;  this  can  only  be  cfiVn^tt^l  by 
cutting  it  down  through  the  middle^  and  after  cementing  the 
cur  surface!*  to  a  plate  of  glnw,  to  reduce  them  to  the  proper 
degree  of  thinness  hy  the  filc^  and  finish  thcra  on  the  hones. 
The  Inpidary^e  wheel  will  be  fbtmd  nuich  more  naefid  for  teeth 
than  fur  bone,  as  a  wheel  charged  with  diamond  dust  will 
speedily  cut  through  a  thick  layer  of  the  hardest  cnameL 
The  c^[ieration  of  bying  sections  of  teeth  in  the  thick  balaatn 
joold  be  carefully  perfonncd,  an  the  enamel  very  rt'odily 
^Bcparates  from  the  dentine  or  ivory;  the  grinding  and  poU^lun^ 
should  n1?D  be  carried  on  with  care  to  prevent  the  separation. 
The  sections,  like  thot^e  of  Inme,  should  he  made  in  iwn 
(Erections,  one  transverse^  and  the  other  longitudinal,  and  if 
the  structure  of  the  enamel  require  to  bo  exanuacd»  an  oblique 
section  will  be  found  very  instructive,  nltliough  very  diflieult 
to  make-. 

To  Mount  Srction*  of  Teeth, — These  may  be  mounted  in 
the  same  way  as  the  sectiuns  of  bone ;  an  examination  by  the 
microscope  will  sen'c  to  determine  whether  any  partieutar 
sjteeinicn  should  be  placed  citlicr  in  fluid  or  bakain,  or  be 
preserved  dry ;  the  Utter  plan  will,  however,  be  found  on  the 
whole  to  be  tlie  moet  eatitfinu^tory,  but  in  this  case  the  sootioB 
should  be  well  jwli^hed.  Dark  coloured  fossil  tcotfa  will  be 
well  exhibited  in  bolaum,  and  may  even  be  IxHlcd  lo  !t  if 
nccxsaar)-,  us  the  tubes  of  tbe  dentine  are  in  most  caws  &Uc<] 
with  earthy  matter. 
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For  tliis  purpoec  nearly  oU  the  npparatus  described  for 
making  ecctlons  of  bone  and  teeth  will  he  require^L  Ky 
far  tlic  most  Important  instruments,  however,  will  be  found  to 
1)6  tlio  file  and  tlie  hone.  Shell,  although  gcncmllv  much 
softer  than  bono  or  tooth,  is,  neverthdces,  very  brittle,  and 
thin  Fections  require  to  1h*  luindlcd  witli  very  great  cure. 
The  best  plan  of  proceeding  is  to  niakc  n  portion  flat  on  one 
iurfaee,  and  polish  It  first  un  the  hone  and  then  witli  putty 
[towdcr,  and  to  cement  this  surface  to  the  elide  on  which  the 
section  is  intcndcfl  to  be  ranunte<l  by  meaiiH  of  Cumula  buLuin, 
the  file  may  tlicn  be  employed  to  reduce  its  ihieknesd,  and  the 
hone  to  finish  it;  the  eoction  should  Ix^  examined  from  time  tn 
time  by  the  mieroscope,  to  see  when  it  in  thin  enough,  and,  if 
required,  the  slide  may  be  placed  either  in  other  or  turpontlno 
to  dissolve  away  the  old  l^alsam  without  sc|>arating  it  from  the 
slide;  but  should  the  specimen  be  very  brittle,  it  ohould  lie 
allowed  to  remain  on  the  slide  on  which  it  was  ground,  and 
after  having  been  made  as  ehran  as  possible,  some  new  iKdsnm 
may  dropped  upon  it,  and  a  cover  of  thin  glass  laid  over  it 
in  the  usual  way;  but  if  Oic  eection  be  miHicienlly  strong,  H 
may  be  removed  by  ether  from  tlie  slide,  and  be  mountwl  in 
liolsam  as  a  fresh  object;  ttic  latter  plan  will  be  found  the 
neatest  and  best,  provided  it  con  be  accomplishes!  without 
injury  to  the  ppc<*imen.  When  it  la  required  to  invcetigate 
the  arrangement  of  the  animal  matter  in  any  section,  it  shoidd 
be  subjected  to  the  action  of  dilute  muriiitic  ai^id,  tlus  is 
termed  by  Dr.  Carpenter  the  flfealeififiw)  proctis ;  such  speci- 
men£>,  after  soaking  in  water  to  get  rid  of  the  acid,  may  be 
mountcti  with  fluid  in  the  thin  glass  cell.  The  structure  of 
many  shells  of  the  oyster  kind  can  be  very  well  made  out  by 
selecting  some  of  the  thinnest  of  the  flakes  or  liunina*  found 
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near  the  ontor  mai^in  of  the  valves  of  the  ahcU ;  these,  after 
lia\'ing  been  washed  and  dried,  may  be  mounted  in  Canada 
baUatn  in  the  usual  mimner.  8ume  elicIU  of  the  geoD« 
J^na,  that  exliibit  u  prismatic  atruoturc,  will  ^■])anitu  rendilT 
into  prisma;  these  nuiy  also  be  mounted  either  in  0uid  or  in 
balsani  without  any  further  jtrcpuralioa.  The  moat  difficult 
siiclls  to  cut  are  thoee  whose  structure  is  naer^oHs  or  pearly— 
the  ear  shell,  UaliotUt  is  the  best  example  of  this  kincl ;  thcte, 
however,  will  yield  to  tlie  file  and  hone ;  aectioufl  of  them 
should  be  decalcliied,  and  it  will  then  be  seen  (aa  was  dii- 
eovered  by  Dr.  Carpenter)  that  the  splendid  hues  which  ihit 
tribe  of  shells  presents  arc  due  to  the  pHcAtion  of  the  aoimil 
memhrane.  Amongst  the  shelly  tisauee  may*  be  mentioned 
the  spines  of  the  Echinodennata,  the  tegument  of  the  Cnu- 
tacea,  and  the  hone  of  tlie  Cutlie  iiah.  All  those  may  be 
prepared  in  the  same  manner  as  shells,  by  the  file  and  the 
hone,  with  the  exception  of  the  laat,  which  may  be  cut  suf- 
6ciently  tliln  with  a  very  sharp  knife.  The  spiuea  of  the 
Et^hini,  after  having  been  cut  transversely  with  a  saw,  and 
then  {pi^und  down  and  mounted  in  Canada  bidaam,  form  some 
of  the  most  benutiiul  objects  for  a  microscope  of  low  power; 
considerable  difficulty  will,  however,  be  found  in  getting  t 
section  perfect  and  at  the  same  time  very  thin,  A  portion  of 
the  shell  of  a  crab,  taken  from  one  of  the  lai^e  claws,  also 
forms  a  most  interesting  object;  but  the  author  would 
those  wliQ  wish  to  obtain  a  knowledge  of  these 
structures  to  the  verj*  valuable  papers  of  Dr.  Carpenter  in  the 
Reports  of  t/ie  liritish  Assodatitm  for  the  Adcancemeni  of 
Science,  where  he  will  also  find  accurate  representaUoi 
the  most  ntmorkublt:  kuids. 

To  make  Sections  of  hard  Vegetable  Tissue*. — Tlie  dense 
structures  which  compose  tlie  stones  of  some  of  the  pulpy 
fniits,  such  as  the  peach,  apricot,  plum,  and  cherry,  are 
beautiful  objects  for  microscopic  investigation ;  they  ri'semblc 
in  a  very  striking  manner  the  osseous  tissues  of  animals,  and 
like  them  require  to  be  cut  into  thin  slices  in  order  to  exhibit 
their  true  characters.  The  principal  instrumeuts  ncccasaiy  fiar 
tliis  piu*{>ose  will  be  the  saw,  the  file^  and  the  hone; 


m 


PREPABINU  SECTIONS  OP  BHELL%  ETC. 


333 


stones  that  arc  tough,  such  us  the  cherry  and  plum,  can  he 
easily  mode  tliin ;  others  tJiat  arc  more  hrittle  will  dt^mand 
some  care  in  their  preparation,  whi)«>t  eome  tew,  as,  Tor  in- 
Btance,  the  ivory  nut,  are  so  hard  &a  even  to  require  tlie  lud  of 
the  cutting-maehiDe  or  the  lnpidani-*s  wheel,  for  their  reduction 
to  a  projMjr  degree  of  tliiniiett^.  The  method  generally  em- 
ployed to  make  Bcclions  of  these  hard  tissues  tor  the  micro- 
iK:o|>e  is  very  similar  to  that  of  bone  before  decfcribed,  viz.,  to 
cut  as  thin  a  slice  aa  poseihic  with  the  ww,  then  to  reduce 
this  nearly  to  the  requisite  thinncsti  hy  the  file,  and  finish  it 
with  the  hones;  as  all  these  tissues  are  more  or  less  of  a  dark 
colour,  they  will  be  best  displayed  in  btUsan^  therefore  the 
process  of  polishing  on  the  buff  leather  with  putty  powder 
may  be  did|)onfied  with.  The  development  of  some  of  tlie  hard 
tissues  may  be  very  well  seen  in  the  scales  of  the  cone  of  6r9; 
these  may  Xte  readily  cut  in  the  machine  employed  to  make 
sections  of  wood  presently  to  be  described,  nnd  may  bo 
mounted  in  boleam  in  the  usual  manner.  Another  fonn  of 
hard  tissue  mny  be  procured  hy  maceration  from  the  pear 
tribe ;  this  is  known  to  holnnista  as  grittxf  fisstie^  nnd  shoiJd  be 
mounted  in  fluid,  as  the  balsam  makes  it  too  tnui^iKirent. 

To  prepare  ^iceoui  Sheletont  of  Ve^etablrt. — In  all  plants 
known  as  graases*  silicn  or  flint  is  more  or  less  abundant;  its 
presence  may  be  recognised  in  many  wa^-n,  but  heat  nnd  nitric 
ftcid  are  the  agents  generally  employed  to  separate  it  from 
the  other  lees  durable  substances  with  which  it  is  intimately 
conneoted.  Silica  forms  a  coating  to  the  stems  of  grasses;  it 
is  even  found  in  small  maftacs  or  concretions  in  the  joints  of 
the  bamboo,  and  is  then  known  by  the  name  of  tahash^r. 
The  attention  of  microscopists  was  first  directed  to  the  siliceous 
skeletons  of  certain  parts  of  grasses  by  the  Rev.  J,  B.  Beode, 
in  the  year  1 835 ;  the  specimens  first  examined  hy  him  con- 
sisted of  the  husks  and  parts  of  the  stem  of  the  wheat  and 
oat;  they  were  prepared  by  subjecting  these  parts  to  a  very 
high  temperature  in  a  platinum  crucible,  whereby  oil  the 
carbonaceous  nutter  was  burnt  off,  and  an  asli  of  silica  was 
left;  this  was  removed  and  mounted  in  Canada  balsam,  when 
u  [>erfcct  cast  even  of  the  moet  minute  vegetable  structure  in 
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fliot  was  found  on  microscopical  cxumiDalion.  One  of  the 
most  bcautilul  specimens  for  exhibiting  the  arrangement  of 
silica  in  it^  Rtein  la  an  KiiniM^ltim,  sold  in  the  uil  and  colour 
shops  under  tijc  name  of  the  Dutch  ntsk ;  it  is  used  l>y  tlio 
call!  net-ma  kejB  as  a  substitute  for  annd  or  glaae  p^>er,  for 
rubbing  down  the  inetjualities  in  l!ie  surfnee  of  wood;  this  is 
l>08t  prepared  by  cutting  the  stems  into  ehort  pieces,  oxmI 
boiling  ibcm  in  strong  nitric  acid  in  a  tall  Teesel;  copious 
turner  of  gna  will  be  given  nif  as  the  carbon  is  being  removed, 
the  veseel  sbould  tbcu  be  liud  aside  for  a  time,  and  man  ackl 
added  when  the  effcrreecence  lias  ceaaed ;  if  the  flpecunett 
be  not  imnittlifttcly  wanted,  it  may  be  kept  in  the  acid 
until  tlic  pcifect  removal  of  all  the  other  conetituenta  hu 
been  ettecte*!.  A  portion  of  this  {tlant,  when  well  prepared, 
i^hould  be  {(crfectly  free  from  all  foreign  matter,  and  at'tcr  being 
thoroughly  wuijied,  may  be  rauimtcd  either  in  tluid.  in  bolsuii, 
or  even  rlry.  Id  balsam  it  forms  a  bvautiftd  object  for  polaiucd 
light,  but  in  fluid,  ita  true  nature  is  beet  exliibitc^l.  The 
paUn>  or  bractg  of  a  grass,  known  as  Uie  Festuca  prafrnsu, 
cxiiibit  a  beautiful  an-angemcnt  of  silica  without  any  {>rc- 
paration  by  ncid ;  they  can  be  shown  dry  as  opaque  ohjeota, 
and  for  the  pur|>o8c  may  be  cemented  to  one  of  the  diae* 
dewribed  at  page  319;  or,  if  projiiinHl,  may  bo  moimtcU  in 
tluid,  and  then  examined  by  tninamittcd  light.  But  the 
pftlese  of  the  wheat  and  out,  which  arc  known  as  rhaff, 
irom  being  more  npnqno  and  less  abounding  in  nlicH,  will 
require  either  tlic  aid  of  acid  or  of  heat  for  its  exhibition. 
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ON  HAKINt;  SECTIONS  OF  WOOD. 


For  this  pur[>oec  we  must  be  provided  with  an  iDstmmcnt 
termed  the  Cutthig  machine^  wliich  cuiitiiata  of  a  plate  of  metal, 
on  which  a  kuitc  or  razor  id  made  to  slide,  and  the  wood  to  he 
cut  ia  firmly  wedged  into  a.  triangtUur  or  other  tube,  and  is 
raised  above  the  surihce  of  the  tube  by  a  verj-  fine  screw,  aa 
lugh  as  the  thickncas  of  the  section  re([uired.  The  fii-dt  instru- 
ment of  this  kind  waa  invented  by  Adams,  nbout  the  year  1770, 
and  was  subsequently  impi'ovcd  by  Mr.  Uuiiiming;  it  is  de- 
scribed and  figiirctl  in  the  microscopical  caeays  of  tho  younger 
Adanuj,  and  \s  of  the  same  kind  as  that  employed  by  Air.  Cus- 
tancx;,  "  who  was  unrivalliid,"  nays  Adams,  "  in  hia  dexterity  in 
preparing  and  accuracy  in  cutting  thin  truuvcne  seclions  of 
wood."  In  subt^equent  times  other  instruments  have  been 
contrived  for  tlic  same  purpose,  some  i>rovi<le<l  with  knives 
which  move  circularly,  others  with  knives  fixed  in  n  stronr; 
frame-work  of  mctul,  wliilst,  in  not  a  few,  the  cutting  is 
[wrformal  by  a  razor  of  the  ordinary  kind,  or  one  ground 
perfectly  flat  on  one  8i<le.  A  very  excellent  machine  for  ibis 
purpose,  which  the  author  has  bccu  in  the  liabit  of  Ufiiug  for 
tnony  years,  and  can,  tlier^^fitro,  strongly  recommeud,  in  «hown 
in  fig.  224 ;  it  consists  of  a  block  of  Spanish  moliognny,  into 
which  are  fastened  four  strong  bi-osa  pillars  that  su|j|iort  a  flat 
tabic  of  the  same  metal,  eight  inches  long,  tlirec  wide,  and 
thrtM^-tcnths  of  an  inch  thick,  having  a  raised  edge  screwed  to 
one  of  it8  sides;  to  the  under  surface  of  the  middle  of  this  table, 
and  nearly  close  to  tlie  sidt?  opiwsite  to  that  having  tho  rniited 
odgc,  is  screwed  a  stout  tubular  piece  of  brass,  c,  which  passes 
through  the  table  and  project^  about  a  quarter  of  an  innh 
above  its  upper  surface ;  into  this  tube  is  fitted  nccurately  a 
cylindrical  piece  of  brassy y^  having  a  hole,  y,  about  five-eighths 
of  an  inch  square,  extending  throughout  its  entire  length. 
This  cylinder  is  capable  of  being  raised  by  a  screw  with  forty 
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tbreada  in  the  inch,  the  head  of  which.  A,  is  divided  ioto  twentj- 
6v6  parts ;  tbe  di\'isiuD8  are  cut  so  deep,  that  n  xhin  vrcdgt- 


Fig.  224. 

6ltape<1  piece  of  eteel  may  be  pressed  firmly  into  any  of  them 
by  tbe  Bpring,  a,  with  wluch  it  is  ooiincctcd ;  tliis  coDtrivance 
uuwen  two  purposes,  one  as  a  micrometer  for  determining 
bow  high  tbe  cylinder  miut  be  raided  to  cut  the  finest  sectioii, 
and  the  other  for  preventiug  the  screw  from  being  moved. 
A  strong  braas  frame,  of  the  shape  tihown  in  the  up|ier  part 
of  the  figure,  and  of  nearly  tbe  same  tbickncM  as  liie  taj>le, 
has  a  knife,  f,  ground  perfectly  flat  nn  ita  undnr  swrfare,  firmly 
fixed  toil  by  two  strong  8crcw8,r/f/,-  this  frame,  with  itti  knife 
amoged  in  the  manner  seen  in  the  figure,  is  made  to  aiide 
biu^kwarda  and  forwartls  smoothly  u(>on  the  upper  surface  of 
the  table.  The  wtxxl  uUiut  to  be  rut  in  drivm  very  tightly 
iDto  the  square  hole.  </.  in  the  cyUudcr,/*  and  should  be  allowed 
to  project  abunt  nn  ci;;hth  of  an  inch  above  it.  Tlie  cylinder 
being  replaced  within  llic  tube,  r.  it  will  be  found  tltat  when 
the  frame  is  pushed  forwards  the  edge  of  the  knife  will 
Abliqiii:ly  over  every  part  of  the  suHoee  of  the  wood,  and 
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the  screw  liaa  forty  thrcails  In  the  inch,  and  itJi  head  id  divided 
into  twenty-five  parta,  it  follows  that  each  turn  of  the  Bcrew 
will  ruitfe  the  rylloder  onc-fortietli  of  an  inch>  and  each  fnic- 
tiiin  of  ft  tura  the  one-thousandth  of  the  same  quantity.  This 
machine  has  very  many  advantagea ;  these  con^»t  princii>ally 
in  the  mode  in  wliicli  t)ie  knife  ia  fixed,  and  also  in  the  plan 
of  the  wood  alxmt  to  he  cut  being  firmly  supjwrtcd  on  all 
eidea  by  mctal>  but  in  such  a  uuuuier  ae  to  keep  the  latter 
witliout  the  reach  of  the  knife,  the  screw  beuig  »o  short  as  not 
to  be  able  to  raiae  the  cylinder  ({uite  as  high  as  its  edge.  In 
most  machines  of  this  kind  the  knife  rubs  U|)on  the  brass,  by 
which  the  cutting  edge  ia  liable  to  Injurj-,  and  the  wood  is  not 
driven  tightly  into  a  cylinder,  but  is  raised  out  of  it  by  the 
screw,  consequently  it  cannot  be  kept  so  firmly  against  tJio 
cutting  edge,  which  will  be  found  very  inconvenient  for  hair 
and  sucli  other  soft  structures  as  require  to  bo  securely  wedged 
up  before  sections  of  them  can  be  made. 

ifr.  Topping  has  contrived  a  very  convenient  and  useful 
form  of  cutting-machine  on  a  plan  represented  in  section  ia 
fig.  225.     A  B  is  a  fiat  piece  of  mahogany,  seven  inches  long. 
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and  four  wide,  to  tbc  imdcr  surfuce  of  which  is  attached,  at 
right  angles,  a  piece,  G,  of  the  same  aize  as  A  D.  D  rcprescnte 
a  flat  (date  of  brass,  four  inches  long,  and  three  wide,  screwwi 
to  the  ui)per  BurfUce  of  A  B;  to  the  middle  of  this  plate  it* 
attached  a  tul>e  of  tlie  same  metal,  K  I,  three  inchca  long  and 
half-an-inch  in  diameter,  and  provided  at  ita  lower  end  with  & 
Bcrew,  F,  working  in  a  nut,  and  having  a  dtec,  K,  exactly 
adapted  to  the  bore  of  the  tube ;  this  disc  is  connected  witli 
the  upper  end  of  the  ecn-w,  by  which  it  is  moved  up  or  down. 
C  is  another  screw  connected  with  a  cuiTed  piece  of  brass,  lit 
wliich  is  thus  capable  of  being  carried  to  the  oppoat«  side  of 
the  tube.  The  piece  of  woo*l  about  to  be  cut  is  put  into  ihe 
tube,  E,  and  is  raised  or  depressed  by  the  screw  F,  wliilut, 
before  cutting,  the  curved  piece  of  metal,  H,  should  be  firmly 
preiwed  again:>t  it  by  the  screw,  C  This  instrument  is  lo  be 
fnatencd  to  the  edge  of  a  bench  or  table,  where  it  uuy  be 
always  kept  ready  for  use.  The  knife  •  to  be  employed  may 
be  one  con8tnictc<l  for  Ihe  purpose,  or  a  razor  ground  flat  dd 
one  pide  will  be  foiuid  to  answer  very  welL 

Method  nf  making  Sections. — If  the  wood  be  green,  it  shonld 
be  cut  to  the  required  length,  and  imnu'n>c<l  for  a  few  day* 
in  strong  alcohol  to  get  rid  of  all  resinous  matter;  when 
tlu»  is  a<:complielicd,  it  may  be  soaked  tu  water  for  a  week  or 
ten  days,  it  will  then  be  ready  for  cuttii^.  If  the  wood  be  dry 
it  should  be  first  soakofl  in  water  and  afterwards  immersed  in 
spirit,  and  before  cutting  be  placed  in  water  again,  as  tn 
the  case  of  the  green  wood.  If  the  machine  to  be  employed 
be  such  as  described  in  page  33C,  the  wood  (if  sufficiently 
lazge)  should  be  cut  so  as  to  fit  tightly  into  the  square  hole, 
and  be  driven  into  it  by  a  wooden  mallet;  if,  on  the  contrary, 
it  be  round,  and  nt  the  same  time  too  small  for  the  hole, 
wedges  of  deal  or  other  soft  wood  utay  be  employed  to  fix  it 
firmly;  these  will  have  the  advantage  of  affbnling  supjtort, 
and,  if  ncce»'!iry,  may  be  rut  with  the  specimen,  from  which 
tliey  may  afterwards  be  easily  separated.  The  procvas  of 
CDtttng  con^iiit^  in  raining  the  wood  by  the  micrometer  screw, 

*  tbc  niBckiDr,  Uifiicllivr  wilh  «  knirc*  vma  lie  oliUiincd  of  Mr.  Te 
at  the  loxT  [>rH-K  of  nixtcon  ihJtHngK. 
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so  that  tho  thinnest  possible  bIicc  may  be  taken  off  by  the 
kuife;  after  a  few  thick  slicea  have  been  removed  to  make  tlie 
eurtVice  level,  a  aniall  quantity  of  water  or  Bpirit  may  be  placed 
upon  it,  the  sfrcw  i*  then  to  be  turned  one  or  more  divisione, 
and  the  kmfc  passed  over  tlio  wood,  until  a  tilice  \a  cut  ofi'; 
this,  if  well  wettwl,  will  not  curl  up,  but  will  adhere  to  the 
knife,  trom  which  it  may  be  removed  by  pressing  Mutting 
pa|)er  upon  it,  or  by  i^liding  it  off  upon  a  piece  of  glass  by 
raonns  of  a  wetted  finger;  the  plan  the  author  generally 
adoptj^  is  to  have  a  vessel  of  water  by  the  side  of  the  machine, 
and  to  pkcc  every  sectiou  in  it ;  those  tlmi  arc  thin  can  then 
be  easily  separatoil  trom  the  tliick  by  tlicir  floating  more 
readily  in  tho  water,  and  all  that  are  good,  and  not  imme- 
diately wanted,  may  be  put  away  in  bottk'S  with  »>piril 
and  water,  and  preserved  for  future  examination.  If  the 
entire  structure  of  any  exoffenowt  wood  is  required  to  be 
examined,  the  sections  must  be  made  in  at  least  three 
different  ways;  these  may  be  termed  tho  transverse,  tho 
longitudinal,  and  the  taiigentnl,  or,  as  they  arc  sometimes 
callL'd,  the  horizuntal,  vertical,  and  tangcntal ;  each  of  llicsc 
will  exhibit  different  appearances^  as  may  be  seen  by  D  E  F 
in  fig.  226.    At  A  id  sliown  part  of  tho  stem  of  a  couiforoue 
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plant,  and  a  transverse  section  of  a  jiurtion  of  tlic  same  mug- 
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ni6ed  at  D;  in  Ihid  are  exhibited  ibe  zunc-ts  a  u,  iwlieating  tits 
annual  growth  af  thf>  tttem  and  the  radiating  lincfl^  b  h,  tcmied 
the  medullury  rays,  A  VL-rticid  ^eetiuu,  B,  through  the  pith, 
will  exhibit  the  mcdidlarvrays;  these  are  known  to  the  eabiQel- 
makcr  ua  the  silrer  graijit  and  at  K,  which  ia  a  magniiicd 
view  of  a  part  of  the  eame,  may  be  seen  tlie  wootly  fibres,  e  e, 
with  their  dot«,  d  tf^  and  Oie  horizontal  lin(*e  indicttiing  tlio 
luedullary  rays  cut  lengthwise ;  wliilst  at  C,  which  is  tin* 
tangental  section,  and  F  a  portion  of  the  eame  magnified,  tJie 
openings  of  the  medullary  rays,  ff,  and  the  woody  fibre*'  with 
vertical  alirefi  of  the  dot^  are  exhibited.  Very  instnictivc 
prcimrations  may  be  made  by  cutting  oblique  scctioas  of  the 
stem,  especially  when  large  vessels  are  present,  as  then  the 
iutcmal  structiu'c  of  the  walls  of  some  of  them  may  oflcD- 
timcB  be  examined.  The  diagram  above  given  refers  only  t<i 
sectiona  of  a  jfhie ;  all  cxoffenous  totems,  however,  will  exhibit 
three  different  ai)pcarance8,  according  to  the  direetion  In 
which  the  cut  ia  made,  but  in  order  to  arrive  at  a  true 
understaudiug  of  the  arrangement  of  the  woody  aud  vaikruUr 
bundles  in  mflm/etut,  horizontal  and  vertical  sections  only  will 
be  required.  Many  spcoimena  of  wood  that  are  very  hard 
and  brittle  may  be  much  softened  by  boiling  in  water,  and  oa 
the  cutting-niariiinc  will  answer  for  other  structures  besides 
wood,  it  may  here  be  ettntcd,  that  tdl  horny  titsuce  may  also 
be  considerably  softened  by  boiling,  and  can  then  be  cut 
Tcry  easily. 

Mrthftd  of  Mottnfinf/  Sections  of  Ifood, — The  thinnest  and 
most  |>erteet  sections  having  been  selccteil,  tliey  may  be 
mounted  cither  in  fluid,  in  Canada  balsam,  or  Brj*.  (he 
former  plan  being  by  for  the  best,  especially  for  the  vertical 
and  tangental  sections;  the  transverse,  when  mounted  either 
in  balsam  or  dr^*,  do  not  lose  so  many  of  their  striking 
characters  aa  tJie  others,  and  this  is  tlie  more  to  be  remarked 
rlicn  tlic  wood  has  been  kept  for  aome  considerable  tunc 
previoufly  in  a  dry  ctnte.  V^etablt-  sections  will  keep  very 
well  in  nlinoft  all  the  preaervative  solutions ;  on  the  whole, 
Tv^rliaiH,  Uic  weak  sftirit  and  water  and  the  gelatinous  medium, 
will  be  the  beat ;  they  may  b«  mounted  either  in 


MAKING  SECTIONS  OF  WOOD,  ETC. 


341 


rthe  thin  glaas  cell,  page  291,  or  in  ilmt  iUiowd  nt  &g.  176, 
[iBge  2&5,  and  in  the  manner  dcacribed  at  page  284.  II'  the 
sectioiis  be  dark,  ihcy  mny  be  mounted  in  Canada  baleoin  in 

Itbe  ntanner  described  at  page  3t>6 ;  but  if  they  become  too 
transparent  wben  iumiented  id  it,  tliey  alinuld  be  fir^t  chiirred 
by  beinf;  placed  between  two  platea  of  glass,  and  subjected  to 
the  beat  of  un  urgand  lamp  until  tliey  turn  brown,  or  they 
may  be  dyed  with  tincture  of  iodine,  or  in  u  decoction  of 
fufltic  or  Ii^wimmI.  Tniusveree  Hcctionu  may  bo  mounted  in 
tliia  way,  as  tht-y  will  stand  the  prt»ccf«  of  charring  very  well, 
but  all  the  other  kindii,  eti{>ecially  tliose  that  exhibit  large 
spiral  veascis  and  dotted  ducts,  arc  best  mounted  in  fluid.  If 
ilie  sections  are  to  be  mounted  di-y,  they  may  bo  prepared  in 
the  manner  before  de^icribed  ut  pi^;e  313,  or  tlicy  nuiy  be 
placed  between  two  glasses,  with  bevelled  edges,  that  are 
filled  up  Willi  Hoaliiig-wax  after  ilie  plan  of  Mr.  Darker,  before 
des<Tibeil  in  page  317  ;  in  all  these  cases,  i>articular  attention 
should  be  paid,  so  that  the  sections  be  properly  dried  before 
they  are  place<l  between  the  glaswja,  otherwise  fbngi  arc  apt 
to  grow  from  them. 

Chippi»i/n  of  tVood* — An  excellent  method  of  exhibiting  the 
medidlary  rays,  and  some  of  the  larger  vessels  of  the  harder 
woods,  is  by  making  small  chipping^  of  them,  or  by  tearing 
Bhort  pieces  of  wood  iu  lialvcs  lengthways  of  the  grain, 
ai^er  the  beginning  of  a  split  has  been  made  by  a  chiftel  or  u 
knife ;  these  should  be  mounted  on  discs  as  ojiaquc  objecta, 
and  examined  with  a  magnifying  power  from  one  hundred  to 
two  hnndre<l  diameters,  the  Lieberkuhn  being  employed  as 
the  illuniinator, 

S^tioju  of  Horns,  Hairit,  ^r. — These  may  be  made  with  the 
cutting-machine  In  the  same  manner  as  tho«c  of  wood ;  all  the 
very  tough  kinds,  such  as  the  horn  of  the  rhinoceros,  will  be 
easily  cut  after  having  been  boiled  for  a  sliort  time  in  water; 
they  should  be  placed  in  the  machine  and  cut  whilst  warm, 
otherwise  the  boiling  will  have  no  beneficial  cftect.  If  the 
specimens  be  too  small  to  be  cut  to  fit  tlic  hole  in  tlie  cutting- 
machine,  thoy  may  be  firmly  wedged  up  by  pieces  of  wood. 
For  the  pur|K»e  of  making  sections  of  the  porcupine's  quill. 
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the  spines  of  the  hedgehog,  thcwe  of  certain  fish,  and  aomc  of 

the  larger  kiuda  of  whiskers  and  hairs,  the  nuthor  lias  adc^t«d 

with  81ICCOM  the  plan  of  nwikiny;  holes  in  a  block  of  soft  wood* 

and  of  driving  short  picct-s  of  them  into  the  holes,  ae  if  they 

were  so  many  naiU;  the  block  is  then  placed  in  the  machine, 

and  slices  cut  trom  it  in  the  usual  manner ;  the  hntrs.  from 

being  well  supported  on  all  side*,  will  not  elirink  from  the 

edge  of  the  knife,  but  will  be  oh  easily  cut  as  the  wood  itself. 

The  sections  of  the  hairs  may  be  readily  separated  from  tlie 

wood  by  laying  tiie  wood  on  a  piece  of  glass  with  water,  and 

pressing  them  with  a  bluut  pointe<l  instrument,  or  tcann;^ 

the  section  from  around    them.     The   substance  known  aa 

whalebojw  may  also  be  readily  cut  in  tlie  madune ;  in  order  to 

exhibit  its  structure  in  the  bei>t  manner,  the  eeetions  should  be 

transverse  like  those  of  hair.     The  upper  and  solid  parts  of 

the  horns  of  the  antelope,  ox,  and  other  niminante  may  also 

be  cut  in  a  similar  way.     liuman  and  other  hairs  that  ore  fiir 

too  slender  to  be  sliced  separatclyf  may  be  cut  in  a  mass  in 

the  following  manner: — If  the  luurs  bo  made  into  a  bundle, 

and  all  dipjtcd  together  into  some  thick  glue  and  dried,  the 

bundle  will  become  aa  solid  as  a  piece  of  wood;  this  uar 

be  cut  into  lengths,  wedged  firmly  in  the  machine,  and  tTan»- 

vcrse  sectioDs  of  the  same  may  then  bo  \cry  easily  made; 

these  should  be  removed   from  the  knife  and  mounted  in 

Canada  balsam  with  as  little  scjioration  as  {>o«Hible.     TendozWr 

portions  of  clastic  tiseuc,  and  other  firm  animal  structare*, 

when   dried,  may  also  be  cut  in   the  same  manner  as  the 

specimens  of  woo<l  and  horn,  but,  unlike  them,  they  wiD  be 

found  to  exliibit  nip  importjuil  internal  arrangement,  except 

when  examincfl  by  polarized  light. 

All  sections  of  homy  tissaes,  if  of  a  dark  colour,  should  be 
mounted  in  balsam ;  they  form,  with  very  few  excepdoua, 
beautiful  subjects  for  jKtlarized  light,  bcwdea  exliibiting,  in 
some  inctAncet^,  a  remarkable  disposition  of  their  pigment ; 
in  the  cuMi  of  human  hair,  transvcrM!  sections  arc  \'aIuaUo, 
us  proving  the  cellulnr  armngcmeul  of  the  interior,  which  Yum 
been  a  matter  of  dispute  with  microiicopists  from  tho  earUcct 
times. 
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CHAI'TEll  XIII. 

ON  THE  DISSECTION  AND  rREPARATIOS  OF  VKUKTABLE 
ANU  ANIMAL  8TItCCTL'RKS. 


By  far  the  greater  numbrr  of  tlie  woutlcrful  and  highly 
intcredtin);  structures  which  it  iuaj  fall  to  the  lot  uf  the 
microsc'opidt  to  examine^  are  not  presented  to  him  in  a  simple 
and  teolatetl  form,  but  arc  more  or  1cj»  combineil  with  uther 
tis^ues  from  wliich  ihcy  require  to  be  extracted  or  fioparatod 
by  a  pnxreaa  termed  dis*ietion  ;  this  may  be  divided  into  two 
branches,  one  in  whieli  the  subject  is  large  and  all  its  porta 
perfectly  tangible  and  visible  to  the  unuasisted  eye,  whil:»t  in 
the  other  the  aid  of  tlie  luicroacopc  and  of  very  delicate 
iutttrumenta  la  requisite  for  its  due  performance,  tlie  firat  is 
called  ciMtrsf  or  rouffh,  tlic  second  minute  utiatomy;  in  both, 
c«rtain  cutting  and  other  implements  ore  ncceaeary,  which  here 
deniuud  our  attention. 

Dijtsectimi  Forceps. — In  addition  to  the  forcepe  ah^wdy 
described  at  page  135,  two  or  three  other  kinds  will  be 
required  for  the  purposes  of  dissection ;  of  these  tlic  must 
usd'ul  are  represented  at  A  in  fig.  Ii27  ;  they  aliuuld  be  com- 
{Mjeed  entirely  of  steel,  and  bo  at  least  five  inches  in  length. 
'Hicy  may  be  (k'noininated  tlie  straight  and  tlie  curved  ;  of  the 
first  kind,  or  that  shown  at  A,  two  ^ein  will  be  requisite,  one 
having  the  extremities  bn>ail,  and  tlie  other  sharp  pointed ;  if 
large  dissections  be  undertaken,  n  still  stronger  jMiir,  witli  the 
extremities  brood,  and  made  rough  like  a  file,  will  also  be 
necessary.  In  dissecting  under  the  microscope,  the  curved 
pointed  pair  shown  at  F  will  be  found  most  convenient.  In 
till  these  instnnnents  the  points  should  fit  accurately  together, 
sometimes  those  that  arc  vcr^'  sharp  arc  apt  to  cross,  tliis  may 
in  a  great  measure  be  prevented  by  having  tlie  branches  wide 
at  tlie  base  where  thcv   arc  nvctted.     The  points  may  bo 
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Fig.  227. 

sharpened  on  a  hone,  and  a  majvaifier  employed  to  cxAnuDC  if 
they  fit  cloeely  together.  Those  that  are  provided  with 
notches  nt  the  end  should  have  tliem  alternates  t^t  is,  the 
hollow  of  one  sliould  be  filled  up  by  the  elevation  of  the  other. 
without  which,  bodies  will  slip  from  between  them. 

Scigtors. — The  scissors   required   by  the  microsco{UBt  arel 
similar  to  those  used  by  the  sm^eon^  the  liandlei*  should  be ' 
struight,  nud  the  ends  of  both  bluilea  either  sharp  pointed*  as 
shown  at  H  in  fig.  227,  or  one  may  be  blunt  and  truncated; 
these  last  should  be  bent  as  in  fig.  228 ;  they  will  be  foui 
exceedingly  useful  for  cutting  open  tubular  parts,  such  as  tl 


Fig.  a«8. 

alimentary  canal  of  animals,  when  they  are  laid  in  a  horixontnl 
IMNtilion  in   one   or    other   of  the   troughs  presently 
described ;  the  blunt  end  serving  to  move  aside  or  gradiiallj 
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wedge  open  ccrtnin  closed  parte  without  the  riak  of  cutting 
tliem.  SciKwra  in  which  the  bliulea  arc  curved,  aa  aliown  »t 
D  or  nt  E  in  fig.  227,  are  also  very  neceaear>-. 

Cutting  Forcrpji. — This  instrument,  the  invention  of  Mr. 
Willinni  Valentine,  is  represented  by  C,  fig.  227;  the  sides  are 
rivcttcd  at  tlio  end,  as  those  of  the  oixlinary  forceps,  but  the 
cutting  part  consist?  of  two  scissor-ahaped  blades,  whicli  over- 
lap each  titlier,  and  arc  prevented  from  cnnsing  over  too  far 
by  a  small  steel  pin,  the  blades  ai-c  bent  at  an  angle  with  the 
wdcK,  anil  by  tliia  means  the  instniment  can  be  very  conve- 
niently employee!  for  dissecting  under  a  lena  of  half-an-inch 
focus.  An  instrument  constructed  somewhat  after  the  aiuno 
principle  a^  the  above,  if  known  aa  the  Afierototru,  the  inven- 
tion of  M.  Straus  Durckheim ;  it  conmsis  of  two  ades,  like 
a  pair  of  dissecting  forceps,  but  each  terminated  by  a  scissor- 
sliapcd  blade,  arranged  so  that  its  cutting  edge  is  iierpendieular 
to  the  broad  surface  of  the  side;  in  order  to  prevent  the  Iila<lc8 
&om  opening  too  wide,  a  screw  with  a  fly  nut  is  attached  to 
one  blade,  and  the  other  moves  freely  npon  it ;  the  screw  ia 
also  provided  with  another  nut  pihmted  between  the  blades, 
the  latter  may  be  adjusted  so  as  to  prevent  the  bliules  from 
being  closed  beyond  a  certain  point,  whiUt  the  former  BeniXa 
to  regulate  the  space  that  the  blades  may  be  kept  open  by  the 
spring.  The  sides  arc  not  rivetted  together  as  in  the  dissect- 
ing forceps,  but  are  united  by  a  hinge-joint,  in  order  llmt  tli^ 
may  be  separated  for  the  purpose  of  shjxrpening  the  blades. 

Sprinff  Scutort. — These  arc  represented  by  fig.  229,  aod 


Tig.  399. 

consist  of  a  pair  of  very  suiaU  scissors,  the  blades  of  which  are 
kept  open  by  a  spring,  a.     One  of  tlic  handles  is  attached  tea 
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alendcr  shaft  of  wood,  b,  whUst  the  other  is  curved  as  at  c, 
order  to  be  pressed  upon  by  the  thiunb  or  fore-fioger  in  the 
act  of  cutting.     With  an  instrument  of  this  kind,  Swammer- 
duni  is  said  to  have  made  all  his  finest  dieacctions. 

Method  of  Siuii-pfmn^  Stuucors, — This  may  be  effected 
oi>cniiig  the  blades  and  noticiug  tlie  angle  at  which  die 
have  been  previously  ground,  and  plai:iiig  them  on  the 
at  tlie  same  angle,  and  rubbing  them  h:tck\rards  aud  fonri 
always  keeping  them  at  tlie  some  incHnutioa  ;  a  few  sti 
will  generally  suUice  for  llie  pur|>oee,  and  the  blades  need 

be  Bopamted  one  from  tlie  other,  provided  the  hone  emploj 

(whieli  should  be  that  known  as  Turicoy  stone)  have  a  Hnt  sde 
that  will  allow  of  the  whole  of  the  cutting  part  of  the  blade  \o 
be  rubbed  upon  it. 

Scaipfls. — The  name  of  scalpel  Js  generally  giiren  to  the 
small  knives  employed  in  dissections,  cacli  comdstd  of  a  bludu 
fimdy  rivetted,  as  shown  in  fig.  230,  into  a  Battened  iiandle  of 
ebony  or  ivory,  which  is  made  thin  and  spatula-like  at  its 
extremity.  The  blade  may  be  of  \*ariou8  shapes;  those  show^H 
by  A  B  C  D  K  F  in  fig.  230,  will  be  found  most  gencm^l 
useful,  some  of  them,  such  as   H  D  E,  being   formed  fiir 
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diBsecting  emdU  animnls,  where  the  point  of  the  blade  is  almost 
the  only  jmrt  pniphiye<l,  whilst  A  mid  F  ure  more  fitted  for 
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making  long  tncisiona  in  lai-gcr  oninuUs,  and  C  for  both 
)>urp4u$L>6«  aiid  for  transverse  sections  of  soft  porta  as  wcIL  In 
the  absence  of  these,  the  ecal{>cls  employed  in  tlic  medical 
schools  may  be  need;  generally  speaking,  however,  they  arc 
far  too  large  for  microscupical  disdectiun ;  the  Hiuall  in^tru- 
incnts  coutrircd  for  operations  on  the  eye  will  be  found  much 
more  stiitable,  and  u  case  of  the  latter  will  be  a  good  substi- 
tute for  the  greater  part  of  the  instruments  above  described. 

ValmttH't  Knife. — One  of  the  miiet  frequent  ojwratiuns  in 
microscopical  investigations  is  the  making  of  fine  sections;  for 
tills  purpose,  tlie  i*eaI]>elB  befure  noticed,  ur  u 
razor,  may  bo  employed ;  but  for  large  sub- 
stances that  are  M>f^,  like  the  liver,  spleen,  and 
kidney,  the  double~h(ade<l  kni/ff  the  invention 
of  Profi-sifor  Videntin,  may  be  used  witli  ad- 
vantage. This,  itfi  represented  by  A,  fig.  231, 
con»ists  of  two  doublo-edgcd  bbulcs,  one  of 
which  is  prolonged  by  a  flat  picco  of  steel  to 
fonn  a  handle,  and  had  two  pieces  of  wood 
rivi'tted  to  it  for  the  ]iur[)ose  of  its  being 

Ij  1     held  more  steadily  to  this  blade ;  another  is 

I  ■■*     attachtHl  by  a  screw;  tliie  last  is  also  luuglli- 

(r^  ono<l  by  a  aliorter  piece  of  steel,  and  both  it 
.a-A  the  preceding  have  slits  cut  out  in  tlicm 
exactly  oppoeitc  to  each  other,  up  and  down 
wliich  a  rivet,  a,  with  two  heads,  is  made  to 
slide,  for  the  purpose  either  of  allowing  the 
blades  to  be  widely  separated  or  brought  so 
rl(»se  together  as  to  touch;  one  be&d  of  tliis 
rivet  is  smidlor  than  the  hole  in  the  end  of  the 
elit,  and  can  be  drawn  through  it  so  (hat  the 
blade  seen  in  the  front  of  the  figure  may  be 
1  limed  away  from  tiie  otlicr  in  order  to  be 
sharpened  or  to  lUluw  of  the  section  made  by 
it  being  taken  away  from  Itt^twcen  the  blades.  'Hie  bbulcs 
are  constructed  after  the  i»lan  of  a  double-eilgcd  scalpel,  but 
their  opposed  surfaces  are  cither  flat  or  very  slightly  concave, 
so  that  tliey  may  fit  accurately  to  each  otlicr,  which  is  effected 
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more  completely  by  ft  steady  pin  seen  at  the  bMc  of  Uie  front 
blndc.  The  author,  however,  has  found  that  if  the  blikdefl  be  of 
the  shape  represented  by  fig.  23I,B,  they  will  eut  much  bctlcr 
than  those  liaving  the  edges  roundecL  When  this  invtnimeni 
ift  required  to  be  used,  the  thickness  of  the  eeetion  about  to  be 
made  will  depend  upon  the  distance  the  blaxle^  are  apart;  tliia 
is  regulateil  by  sliding  up  or  down  the  rtvct,  a,  as  the  bladeA, 
by  their  own  elasticity,  will  always  spring  open  and  keep  tlio 
rivet  in  place ;  a  cut  Is  tlieu  to  be  made  by  it,  as  with  an 
ordinaiy  knife,  and  the  part  cut  will  he  found  between  the 
blades,  from  wliich  it  may  be  Be|)amted  either  by  opejiing 
them  as  wide  as  possible  by  the  rivet,  or  by  tunuDg  tlietu 
apart  in  the  manner  before  described,  and  floating  the  section 
out  in  water. 

DiMfctinff  Ntrdlff. — These  instruments  differ  but  slightly 
in  shape  from  »*Alpcl9 ;  they  arc  of  two  kinds,  the  straight 
pointed  and  the  curved,  one  of  the  former  is  sho^vn  at  fig.  207, 
page  30.5,  and  one  of  the  latter  by  fig.  232.     Both  of  thc«o 
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forms  can  be  made  sharp  on  a  hone,  and  with  either  of  thcin. 
and  a  delicate  pair  of  forcejw,  very  excelleut  disaections  of 
small  subjects,  such  as  insects,  may  be  made ;  when  used  in 
pairs,  they  will  be  found  very  serviceablo  in  ueparating  or 
tearing  asunder  dcUcate  animal  and  vegetable  tissues  under 
tlie  micro6co[»e ;  for  this  pnr|K>»e  a  fuiir  of  the  curbed  form 
will  be  found  most  convenient.  As  substitutes  for  the  instru- 
ments juot  described,  \-arious  kinds  of  needle-Jtoldert  have  been 
contrived,  three  of  the  beet  of  these  ai«  ebown  in  fig.  233; 
in  all,  needles  of  rariou?  shapes  and  sizes  can  be  held  finnly — 
in  tiie  (itai  and  tlitnl  tlie  needle  is  secured  by  a  t^liding  ring, 
and  in  the  iwcund  by  two  screws;  in  the  first  and  tliird  aku 
the  liandle  is  boUow  to  contain  ncctllcs,  but  in  the  second  it  la 
When  needles  are  employed,  they  nmy  be  onrved  by 
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tiiuking  them  red  hot  in  the  flame  of  a  spirit  lump,  and  after 
they  have   been   bent  to   the   proper  shape,   they  may  be 


Fig.  233. 


hardened  again  by  heating  them  a  second  time,  and  dipping 
them  into  cold  water  or  tallow,  llie  needles  aelccled  should 
not  be  very  long,  as  they  are  upt  to  be  too  eprlngy ;  to  prevent 
this,  they  ehoiild  dot  be  allowed  to  project  ^ar  beyond  tho 
holder;  theii-  points  may  be  ground  very  sharp,  or  be  made 
with  a  cutting  edge  like  a  acaiiM?!,  by  means  oC  a  Turkey 
atone.  These  instruments  are  sometimes  employed  for  mount- 
ing objects  in  balsam,  as  di'scribed  at  page  305 ;  but  a  more 
common  kind  will  on  the  whole  bo  quite  as  convenient,  and 
lew  trouble  will  be  required  in  keeping  them  clean.* 

Non-tmttinij  htstniments. — Besides  the  instniments  above 
mentioned,  many  others  will  be  foimd  necessary  for  the  pur- 
poses of  dissection;  these  consist  principally  of  trouglis  or 
vessels  for  holding  the  subjects  to  be  dissected,  of  blocks  of 
wood  for  supjH>rting  the  same,  of  corks  loaded  with  lead,  and 
of  supiwrts  for  the  anna  and  wrists,  tenucd  rett* ;  pins  of 
various  kinds,  braces,  a  pair  of  pliers,  an  old  scalpel  or  twOj 
and  a  small  syringe  will  all  be  occa^onally  requiretL 

Trcitgh*. — As  most  delicate  dissections  are  conducted  under 
water,  some  form  of  vessel,  made  either  of  metal,  earthenware, 
or  glass,  should  be  employed.  These  may  bo  of  various  sizes, 
from  a  foot  to  two  feet  in  length,  and  of  a  pro{K>rtionate 
breadth  and  depth,  if  made  of  metal,  tin  or  zinc,  well  ja[>anned, 
may  be  used ;  the  sliape  sliould  Ijc  such  that  tho  bottom  may 

•  All  llio  vanuiiA  kimls  of  ciilting  innl  rumen  La  etn]iloT«^  for  (liftsccting 
nuy  be  i>btaiaeU  cf  Mr.  ThoniaB  Wcvduii,  «urgicttl  iiiatrtiincnt-iumker. 
No.  41,  Ilart-ftreet,  Bloomsburr,  wIiok  tngcDuitf,  u  displayed  in  tfacir 
coRKtmclion,  U  to  very  well  knovn. 
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give  firm  support  to  a  luadetl  cork.  Various  dcscriptiona  of 
earthenvrare  trounrhs  ai*e  kept  on  Nile  in  ishoi)e«  that  will  nnewcr 
verj'  well  for  muny  purjioaefl;  these  are  certain  kinds  of 
square  soap  dishes,  some  provided  with  covers,  otbere  not. 
Saucers  of  ^'arious  «zes,  i»iiiall  covered  jars  in  which  potteil 
meatd,  pomatum,  and  substances  of  a  like  kind  are  kept,  will 
be  found  very  useiiil  occaeiunally.  Convenient  troughs  may 
also  be  made  of  pieces  of  stout  platc-glass>  cemented  together 
by  mnrine-glue ;  their  e<lge8  should  be  ground  flat,  so  that 
another  piece  of  plate-glass  may  be  laid  on  to  form  a  cover. 
Those  trou^^hs  that  are  white  in  the  inside  may  be  made 
black  witli  sealing-wax  varnish,  but  in  these  spirit  cannot  bo 
employed.  The  most  convenient  sizes  for  troughH  in  which 
injections  are  to  be  exaniincd  under  the  compound  niicroscupc, 
ure  three  inches  stiuarc  and  one  inch  deep,  or  throe  inches 
long,  two  inches  wide,  and  one  inch  deep ;  much  larger  sizctf 
tlian  these  cannot  well  be  supported  on  the  Btagc-[>latc. 
WHicn  small  objects  are  necessary  to  bo  dissected  by  trans- 
mitted light,  eome  of  the  cells  dcscribcl  tit  page  294,  may  be 
cmp]oyc<l,  the  plate-glass  allowing  the  hglit  to  [toss  throogfa 
readily.  Mr.  Pritclianl  supplies  with  his  microdcopcs  some 
little  bi-aes  troughs,  with  glass  bottoms;  these  can  be  fixed  to 
the  stagc-pIate  by  a  bayonet  catch,  and  will  be  found  exceed- 
ingly useful. 

Loaded  Corh. — These  consist  of  flat  pieces  of  cork,  of 
various  degrees  of  thickness,  that  are  covered  over  on  their 
under  surfaces  with  sheet-lead  of  sufficient  weight  to  make 
them  sink  in  fluid.  The  lead  may  either  be  cemented  to  the 
cork,  or  it  may  be  cut  a  little  larger  than  it,  and  folded  over 
the  edges  mther  loosely,  so  that  when  the  cork  is  expandud 
by  the  fluid,  it  may  not  rise  up  in  the  mid«llc.  If  «  lowlcd 
cork  is  not  at  hand,  its  place  may  be  supplied  by  a  pUte  of 
the  retpiircd  size,  kept  steady  by  flat  weights  of  lead.  Some 
persons  employ  plates  c^  wiix,  or  a  little  of  the  some  eubetanoe 
melted  into  the  bottom  of  the  trough,  as  a  subatitutc  for  tlic 
Unded  cork,  but  tlic  pins  do  nut  hold  in  it  very  w^eU.  Mr. 
Goodby  luia  doscribetl  a  pUm*  of  securing  insects  about  to  be 
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(lissectcU  by  a  Diixturc  of  white  wax,  6nke  white,  Venice 
turpentine,  and  hog's-lanl ;  into  this,  when  melted  in  the 
bottom  of  the  trougli,  the  insect  is  to  be  placed,  and  when 
the  uuxture  becomes  cold  the  iiiitect  is  fixed  iu  tlie  poaitton 
required.  The  subject  about  to  be  dissected  may  be  attached 
to  the  eork  by  piuB,  or  some  tliin  braces  of  cork,  with  a  pin  at 
each  end,  may  serve  to  confine  any  part  too  tender  either  to 
receive  a  pin  or  that  would  be  injured  by  it  Small  hooks, 
made  out  of  pins,  ncedlca  of  various  sizes,  and  spines  of  Cacti, 
will  nil  be  found  of  Cfwential  service  for  the  pnr|K»e  of  securing 
delicate  animaU  to  the  eork. 

Rfjits. — These,  which  were  much  used  by  Jfr.  Goodby, 
consist  of  two  iueUncd  planes  of  wood,  as  shown  at  a  &,  in  fig, 
2M,  for  the  purpose  of  supporting  the  arms  and  wrists  of  the 
dissector.  They  may  be  made  of  the  following  <ltmen8ions, 
viz.,  eighteen  inchea  long,  six  inches  wide,  and  one  inch  thick; 
the  upright  piece  to  sup[K>rt  the  niised  end  should  be  about 
six  inches  high.  If  the  trough  in  which  the  dissection  is 
placed  be  large  and  steady,  the  uprights  may  be  dispensed 
witli,  and  then  two  plain  pieces  of  wood  resting  on  tho  sides 
of  the  trough  will  answer  equally  well.  Blocks  of  wood,  of 
Tarious  sizes,  will  be  required  to  elevate  the  troughs  to  o  pai^ 
ticular  height  for  dissection.  The  pliers  will  be  uscfiil  for 
landing  the  pins  and  pressing  ihcm  firmly  into  the  cork,  nnd 
the  small  syringe  will  be  necessary  for  washing  away  particles 
of  fat  or  otlier  loose  kinds  of  tissue  that  may  be  found  in  tbo 
interior  of  small  animals. 
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METHOD  OF  DISSECTIKG  VEGETABLE  AND  ANIMAL  TIS8I 


Vegetables, — The  process  of  dissecting  vegetable  tissuea  ts 
much  more  easy  and  leas  complicated  than  that  of  ^nilnm^ft, 
the  chief  operation  in  the  former  hein^  the  separntion  of  the 
woody  nnd  viiscular  parts  from  the  iuveating  cellulur  unea; 
this  is  effected  by  the  combined  operations  of  macerating  and 
tearing,  little  (if  any)  absolute  cutting  being  rcquircd- 

For  tlie  purpose  of  disisecting  Epiral  vedscla^  and  por^ular 
kinds  of  woody  fibrce>  cither  of  tlie  simple  microecopcs  before 
mentioned  will  suffice ;  of  these,  fwrhape,  tlint  of  Mr.  Sl&ck, 
de^ribcd  at  page  57,  will  be  the  beat ;  hut  that  of  Mr.  PowcU, 
figured  at  page  52,  or  those  of  Air.  Ross,  at  pagee  59  and  61, 
when  provided  with  the  arm  rests,  will  be  found  nearly  as 
convenient  A  good  idea  of  the  structure  of  a  plant  may  be 
known  by  sections  made  in  %ariou?  |tarts  and  directioiu  by 
the  machine  described  at  page  336 ;  but  the  individual  cella 
or  vcBseb  must  be  dissected  away  from  the  enveloping  tiesncs 
before  their  true  nature  can  bo  pro[)orly  understood.  The 
process  consists  of  making  these  tissues  very  eol^  by  maoen^ 
tion,  in  order  tliat  they  may  easily  be  separated  from  othera 
that  are  more  durable;  the  maceration  should  be  carried  on  in 
water,  which,  for  the  pui-pose,  should  not  be  changed  (however 
oflTeosivc  it  may  become)  until  the  parts  dis6cetcd  are  clean 
enough  to  be  mounted,  a^i  the  addition  of  fresh  water  will 
retard  the  moccraling  process.  Supposing  the  objects  to  be 
dissected  out  to  he  spind  or  other  vessels,  and  that  by  maoo- 
ration  tlie  surrounding  parts  arc  sol^,  a  portion  coutainii^ 
the  vessels  mnst  be  laid  either  in  a  ghiss  trough,  or  on  a  ^aM 
with  some  water,  and  placed  upon  the  stage  of  the  microscope, 
one  part  being  held  with  the  forceps,  whilst  another  pair  of 
foroe|MS  or  a  dissecting  needle,  is  employed  to  separate  all  tiie 
cellular  tissue  from  the  vessels;  sometimes  two  of  the  nc«<llo« 
may  be  tiBod  for  the  j)urposc  instead  of  the  forceps.     As  soon 
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M  tlie  wbole  or  any  of  the  veueU  have  been  sufficiently 
cleauiHl,  they  may  bo  placcJ  in  some  fresli  water,  and  the 
process  of  diaseetion  repeated  until  tbey  are  tit  for  mounting, 
whicb  abound  be  done  in  fluid  in  a  tbin  ghua  or  other  euitoblu 
cell.  Wbcu  tlic  vegetable  matter  is  very  tough,  and  the 
vcsselu  firmly  aggre^ited  together  in  bundles,  as  in  the  edible 
rhubiirb  and  adpamgus,  tbey  may  be  easily  deparated  after 
boiling;  this  plan  will  idso  answer  very  well  for  Icaveo  that 
arc  very  thick,  and  from  which  the  cuticle  can  only  be  dissected 
with  dilticuhy.  Dilute  muiiatic  acid  may  also  tfometimeti  be 
employed  aa  a  macerating  fluid,  but  if  the  parte  are  eubse- 
((ucntly  to  be  dissected,  the  vegetable  matter  should  be  well 
wiubed  Ireforo  the  steel  iiisU-iuueuts  are  xweil,  otiicrwise  they 
wilt  be  liable  to  become  rusty.  In  such  plants  as  the  rhubarb, 
and  various  8j>ecies  of  cactU!),  in  which  oxalate  of  lime  aboumla 
ill  stellate  crystals,  termed  mphuh-Sy  caustic  potash  may  be 
employed  to  decompose  the  vcgetjible  tijisue;  and,  to  Aave 
time,  the  potash  may  be  heated,  and,  after  simdry  waAhing?  in 
U>iling  water,  the  crystals  may  be  obtoim^d  perfectly  clean, 
l^e  cuticle  of  the  leaves  of  many  plants  may  be  very  eaaily 
removed  af\er  a  little  maceration,  u  email  portion  being 
seized  by  the  forceps  and  torn  off;  much  larger  pieces  may  be 
frequently  8trip|>cd  ufl'  by  nicaus  of  a  »eal[)el  and  the  Ummb, 
the  cuticle  being  first  nuscd  by  tht;  former,  then  firmly  kept 
upon  the  blade  by  the  latter,  and  torn  in  the  direcliou  in 
whicb  it  is  most  abundant,  Tlie  cuticle  of  the  Pefari/oniitm 
tiibe  will  be  fouud  amongftt  the  most  beautiful. 

Animal  Tissurs. — Fortius  purpose  all  the  apfiamtus  de«'rih«i 
under  the  heail  of  dissecting  instrumeutH  will  be  required. 
In  the  invertebrate  series,  the  process  resembles  very  much 
tliat  of  vegetublcs;  atler  having  laid  open  the  body,  the  variuus 
partfl  may  bo  «cparatcd  or  unruvelled  by  means  of  Ihc  forceps 
and  the  dissecting  needles,  but  in  the  higher  or  vertebrate 
scries,  the  Bcisaoni,  scalpels,  and  the  other  rutting  instrument*, 
will  be  in  frequent  demand.  It  would  be  impoesible  in  a 
IreatiiM!  like  Uic  present  to  give  a  code  of  rule*  applicable  to 
all  kinds  of  animals,  but  our  remarks  must  be  confined  to  those 
most  generally  useful  to  the  mieroscopigt,  as  fidl  directions  for 
23 
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coarser  disscctionB  will  be  found  in  works  devoted  cspeciallr 
to  the  BulijecL 

The  dissections  in  which  the  microscope  is  roost  freqnontly 
employed,  are  those  of  the  nervous  system,  cither  in  nnall 
animals  or  in  minute  ports  of  the  larger  ones;  for  this  purpose 
eitlicr  of  Uic  simple  forms,  especially  that  of  Messrs.  Powell 
iind  Lealand,  described  at  page  52,  will  be  found  useful  The 
subject  to  be  djasccicd  may  be  securely  iixed  to  a  loaded  cork, 
and  placed  io  a  trough  containing  water,  as  shown  at  e  in 
fig.  234 ;  where  also  ore  represented,  at  a  0,  the  two  incliued 


Fig.  234. 

supports  for  the  arms,  termed  rests ;  these,  as  described  at 
page  351,  consist  of  two  inclined  planes  of  wood,  placed  oneoo 
each  side  of  the  trough  iu  which  tlic  bubjcct  to  be  diasected 
ia  contained,  and  giving  firm  support  to  the  arms  and  wrist« 
of  tlic  oi)erator.  If  the  trough  be  a  shallow  one,  it  may  be 
raised  on  a  level  with  the  rests  by  means  of  a  Horkf  as  shown 
at  d.  The  nucroscope  is  to  be  brought  over  the  trough,  and 
the  subject  adju9te<1  to  tlie  focus,  an  inch  or  a  two-inch  nu^ 
nifter  may  be  employed,  ur  even  higher,  acccording  tu  the 
delicacy  of  the  dissection ;  if  the  subject  be  very  minute,  St 
may  be  placed  in  a  email  trough  and  dissected  upon  the  stage 
of  such  microscopes  as  those  represented  by  figs.  3fi,  37,  58, 
and  39.  These  instruments  will  be  found  particularly  uscTul 
in  the  preparation  of  muscular  and  nerroiis  fibres,  and  objects 
of  a  similar  kind,  previous  to  their  exiuuioatloD  under  higher 
[Mwcrs.  The  coinponnd  nuoroecope,  when  provided  with  the 
erector,  desrribed  at  I>age  125,  will  answer  very  well  for  many 
kinds  of  diasectioD,  as  both  the  object  an<l  the  diaserting  iniitru* 
mcnts  are  not  inverted,  but  seen  lu  their  natural  position; 
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the  niagnityinj^  power  of  the  microecopo  can  alao  be  greatly 
reduced  by  tlic  empl(»yincnt  of  the  erector,  M.  Obcrhauaer, 
of  Paris,  has  nonatnicted  a  microscotM;  on  thin  principle,  for 
the  purposed  of  dissection,  in  which  only  one  object-gIa*t8  is 
required  fur  all  Turiatiuiia  in  the  magnifying  |>owcr,  from 
eight  to  one  hundred  and  thirty-five  diamotcra.  This  ineini- 
incnt  la  rcpresenteil  by  6g.  235,  and  eonsldts  of  a  cin^ular  toot 

or  base,  a  b,  four  inchca  in 
diameter,  with  which  la  con- 
nected A  stout  tube,  r,  two  inches 
high,  supporting  a  stnge,  r,  the 
internal  part  of  this,  F,  being  of 
black  glasa  unpoliohed ;  the  tul>e, 
e,  ia  c-jipable  of  being  turned 
on  the  foot,  a  b,  and  the  stage, 
ff,  together  witli  the  nompound 
body  and  its  support,  y  A,  can  be 
tiumed  upon  it  The  tube  hna 
an  obloDg  opening  in  front,  one 
inch  and  a  half  bro:id,  to  allow 
the  light  to  fall  on  the  mirror,  m, 
and  by  the  motion  of  the  tube 
on  the  foot,  this  0]>emng  can  be 
plaetxl  in  any  poeiUon  to  receive 
the  light  without  tuniing  either 
'a  the  compound  body  or  the  foot 
in  the  same  direction.  The 
mirror  is  inclined  at  any  angle 
by  means  of  the  milled  head,  d. 
The  stage  is  somewhat  like  a  ImtthMlnor  in  8ha|)e,  and  to  the 
narrow  i>art,  forming  the  handle,  a  strong  support,  //,  for  the 
(x>ra[H>und  body,  A,  is  firmly  attachp<l.  The  compound  body 
itMlf  is  composed  of  tlirec  tubes,  h  I  K,  sliding  one  within  the 
other,  the  outer  one,  A,  (*en"ing  for  the  attachment  of  all  tlirec 
to  the  support,  y.  The  next  tube,  I,  carries  the  object-glass. 
Of  and  is  moved  up  and  down  by  rack  and  pinion,  the  latter 
being  conneote<l  with  the  inilled  heafi,  L;  by  means  of  this 
tiic  Hical  adjustment  is  mode.  The  thinl  tidjc.  K,  carrying  the 
23* 
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cy&-piecc,  n,  at  lift  upper  and  on  crucUir  at  its  lowpr  end, 
is  aitfo  moved  up  and  down  hj  rack  and  pinion,  bv  turning 
the  milled  head,  L'.  By  the  cmplovuieut  ol'  an  erector  at 
the  luwer  end  of  the  tnhe,  K,  th!;^  microscope  beooiDCi^  in 
cverr  respect,  eimilar  to  the  comjKiuud  instnuuent  described 
at  pii^t;  69,  awl  objects  are  not  seen  by  it  in  an  iuTertcd 
IKMition,  iherdbre  it  can  be  employed  in  di&accting.  When 
the  tube,  K,  is  turned  down  closely  upon  I,  the  object-glaaB, 
o.  is  farthest  from  the  object,  and  a  nii^tfying  power  of  ciglat 
diameters  is  obtaineil ;  but  if  ihls  tube  be  turned  out  as  far  as 
it  -will  go,  the  object-glass  ronst  then  be  brought  nearer  tlie 
object,  luid  the  magnifying  power  n-ill  be  as  much  as  one 
hundred  and  thirty-five  diameters.  This  microscxtpe  will  be 
found  very  convenient  for  many  purpoees  where  a  great 
amount  of  defining  power  is  not  required:  and  as  any  vaii- 
atiou  in  its  muguitying  between  eight  and  one  hundred  and 
ihirty-five  diameters  can  be  readily  obtiuned  by  turning  the 
milled  heads,  L  and  L',  without  the  trouble  of  sltifUng'  the 
object-glass,  this  point  alone  is  sufHcient  to  entitle  it  to  a  fair 
ihare  of  praise.  The  authors  attention  was  first  directed  to 
this  microscope  by  Dr.  John  Hughes  Hennett,bnt  the  descri{H^ 
tion  was  taken  from  a  similar  instrument  in  the  po6Manoo  of 
Mr.  C.  H.  Hullctt. 

Another  very  excellent  form  of  dissecting  microscope  m 
that  made  by  M.  Naciict,  and  represented  in  fig.  2S6,  t  ;  it  is 
mounted  on  a  tripod  stand,  and,  like  the  instrument  of  Powell, 
before  described  in  page  62,  can  be  brought  over  the  vessel  in 
which  the  dissectiuu  is  being  carried  on.  If,  however,  it  be 
recfuired  to  examine  transj>arent  objects,  a  pkin  stage,  sup- 
ported on  \eg6j  with  a  uiirror  uuderncath,  or  a  box  like  that 
mentioned  in  page  53.  will  bo  all  that  is  neceseur.  This 
microacope  has  one  priuci[>al  advantage  over  tint  of  any  other 
form  of  dissecting  microscope  yet  contrived,  via.,  in  the  incli- 
nation of  llic  iij>iHrr  {Kirt  of  the  cye-piccc,  so  that  tJic  obaerrer 
M  not  ri<{uir^-d  tu  benJ  his  head,  but  to  look  stnight  forward, 
whilst  at  the  same  time  the  object  is  seen  in  its  natural 
ponition.  Iti  fig.  236,  2.  is  shown  a  section  of  the  compound 
body,  by  which  it  may  he  eaaly  seen  how  these  two  important 
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IMints  are  accompUehed ;  at  the  lower  end  of  tbo  compoand 
body,  unuie<Iiat.cly  above  the  object-glaae,  j,  a  prism,  a,  is 
introduced  to  erect  the  image  of  the  object,  g ;  the  lower  lena, 
c  c,  of  tlic  eye-piece  is  of  the  ordinary  construction,  but  that 
cXbd  ifi  a  prism  having  its  lower  surface  convex  and  iU  upper 
one,  o,  plane ;  by  these  nieaiw  the  rays  of  light  from  the  object 
ore  bent  at  an  angle  of  about  45*',  and  tlie  iiuagc  ia  seen  in  the 
(Urccdon  of  the  line  o  d,  Tliis  raicrngcope  ig  ftilly  deecribcd  bj 
A[.  Kobia  iu  hia  work  Du  Microscope  H  de$  Injrctions;  from 
which  the  ropresentatinns  f^ven  in  the  preceding  page  liare 
been  copied ;  the  compound  body  can  also  be  adapted  to  the 
upright  form  of  instrument  before  descril>ed  in  page  108. 

If  the  subject  to  be  dissected  be  a  jMirtion  of  injected 
miicouH  membrane,  it  nmy  be  pinned  out  on  one  of  the 
loaded  corke,  and  phtced  in  a  trough  with  water;  and  if  it 
have  previously  been  kept  in  spirit,  it  should  l>e  wcU  woshoil 
in  the  water  before  examination  by  the  nucroeco])c ;  for  thu 
purpose  the  small  B)'ringe  alluded  to  in  page  351,  will  be 
require*!.  The  subject  may  eillier  be  diasected  under  a  letia, 
or  may  be  from  time  to  time  examined  by  a  oompouml 
microscope  as  tlie  di««cction  la  lieing  jiroceedejl  witli ;  for  thia 
pui-posc  the  instnmicnt  described  at  poge  52  may  be  employed, 
or  one  of  the  kind  represented  by  6g.  237,  which  the  autltor 
has  found  very  convenient,  and  is  in  the  habit  of  keeping 
always  on  the  table  whilst  diasertiona  are  being  carried  on. 
It  consista  sioiply  of  a  tube,  a  ft,  forming  a  romjwund  body, 
which  is  ca|>able  of  being  moved  up  or  down  in  an  outer  tube, 
eupjtorted  on  a  curved  arm,  d,  by  a  rack  and  pinion  connected 
with  two  milled  heads,  one  of  which  is  seen  at  r;  the  end  of 
tho  'support,  dy  is  made  conical  at  e,  eo  that  it  may  be  fitted 
into  a  hole  iu  n  block  of  wood,  y:  tliis  tonus  the  (ttage,  and 
on  it  all  the  smaller  troughs  may  be  placed.  The  oompound 
body  BO  mounted  will  also  answer  for  tnuuparent  oljectB 
when  adapted  to  a  stand  supplied  with  a  mirror.  Such 
an  instrument  will  be  found  exceedingly  useful,  and,  without 
the  object-gloM  and  the  eye-piece,  /,  may  be  procured  at  a 
trifling  coat. 


DISSECTION  OF  PABTICU1.AK  TISSUES. 

Nerve. — The  more  delicate  the  structure  of  any  tissue,  the 
eooner  aflcr  dciith  sliould  its  disaoction  take  place;  thus  oi-rvoua 
matter,  the  peculiar  charticters  of  which  are  the  least  permit- 
nent  of  all,  should  be  examined  with  im  little  delay  as  jwe^iible. 
If  the  ultimate  fibrillu.'  bo  required  tor  insptNTtton,  a  siuaU 
nerve  should  bo  selected  and  placed  on  a  oUdc,  with  a  little 
serum  of  the  blood  of  tiic  animal,  or>  in  the  absence  of  this. 
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a  emdl  qimniitj  of  Uic  white  of  un  egg,  nnd  be  torn  ue  gently 
as  |H)stuljlc  with  tlic  di^itertin^  needles;  a  thin  coyer  nuLj  be 
laid  over  it  pi*cTiou8  to  its  being  viewed.  As  soon  iw  the  trae 
structure  Iius  been  well  eeeu,  water,  ether,  uud  oUier  IIiuiIb 
may  be  iiddcil>  to  show  how  much  they  change  its  origiiiAl 
oj>i)carancc. 

Mvscif. — Thifi  may  bo  selected  from  an  animnl  at  a  Intvr 
period  af^cr  death  tluiu  nerve  (unlefid  the  changce  it  uixleigoea 
in  eontraeting  require  to  Ik?  examined),  aa  lU  peculiar  charao- 
terB  are  mucli  more  pemiancnt.  A  ^niall  portion,  freed  fnmi 
all  cellular  tiseuc,  may  be  removed  from  tiie  mass,  and 
placi-il  on  a  ulide  with  ttouic  kind  of  fluid;  the  filidc  may  then 
be  hiid  on  the  stage  plate  of  the  disacx'ting  niicroKope,  azKl  the 
fibres  torn  aaundcr  by  the  needles,  as  in  the  cose  of  ncnre; 
if  the  parts  require  to  be  preserved  in  fluid  as  an  object  for 
future  examination,  the  fibres  may  be  bid  on  the  slide  without 
any  moisture  being  present,  and  afVer  the  scpamtion  lias  bcou 
C4irried  as  fur  as  necessary,  then  the  preservative  fluid  may  l»o 
adde*],  and  tlie  cover  laid  on  and  i<calcd  down  wiUi  the  guld- 
Bize  in  the  usual  way ;  when  this  is  done  tlicrc  will  Ite  Terr 
little  risk  of  the  prcpEiration  shitting  its  plire,  which  w«uM 
luippen  if  it  were  removed  to  another  slide.  The  iicnfs  of 
muscle  may  be  displayed  in  a  thin  layer  of  delieato  fibrra* 
which  form  a  portion  of  the  alxlnminal  wall  of  a  ftxip;  by 
euipluyiujjj  the  compressor,  they  may  idso  be  »een  with  the 
capillary  blood  veaiiclB  as  well  in  some  of  the  verj"  thin  rccli- 
muscles  of  the  cyea  of  small  birds ;  for  this  puq«»!»e  the  eyr 
should  bo  removed  as  soon  af^or  death  as  poaaible,  and  tla* 
most  tnuispi^rcnt  of  these  nmscles  disscctefl  awny,  and  bud 
between  glasmrs,  or  in  one  of  tlie  fonns  of  compressors  dRScnbcil 
in  page  1 U7  ;  if  this  be  niaiuiged  carefully,  the  blood  will  bf 
seen  in  the  vessels,  and  a  good  view  will  hti  obtnine*!  of  the 
comparative  Mzea  of  llie  nervous  and  muscuhu-  fibres  <tf  the 
capillaries,  and  even  of  the  blood  ]>article8  ihemoclves,  Ulie 
ino«lc  of  eunueetion  of  the  muscular  fibres  with  those  of  ton- 
don,  may  aWi  be  very  well  studied  in  a  preparation  uf  thin 
kind.     The  Inrjiest  muscular  fibres  will  l»e  found  in  fishes  and 
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reptiltm,  Uie  8niaUe«t  ia  Innla.  The  tibrilUu  way  be  well  tl'in- 
playott  in  the  niuaclc  of  Mine  of  the  rruBtacen,  even  the  shrimp 
nml  tlie  lobatcr  will  »liuw  them  after  they  have  been  boiled; 
but  the  beat  B|>ecinit?Ui4  i)f  all  may  be  ol)tJiiued  from  tJie  miLscle 
of  the  pig,  the  very  exquisite  apectmcns,  for  the  prepamtion 
of  wliir.b  Mr.  Lcolantl  Iwsbcicomc  ao  justly  oclcbmtcd.  urc  »tfiid 
to  bo  procured  from  thle  animal.  The  Toluntary  mutKnibir 
fibrcB  of  all  the  vertebrate  aoimala  have  transverse  etriic ;  but 
the  invuluntiiry,  with  the  exception  of  tho«e  from  the  licnrt, 
arc  without  tlicm.  In  tJie  iuvertebrato  iwrics,  according  to 
Mr.  Bu^k,  the  urtioulate  animnlg,  such  as  insccta,  have  ttriio ; 
but  the  other  cla^se^  such  a^  tlie  uioUurtea  uud  cephuIo|>oilu, 
although  higher  in  the  acale,  rarely  have  markings  at  all.  The 
involuntary  Bbrefl  are  beat  procui*ed  by  being  disAectcd  from 
the  muscular  coat  of  w>mc  jtart  of  the  intestine  or  the  etomarh 
of  aniutaU:  they  arc  more  difficult  of  separation  than  tlio»c  of 
the  voluntary  cln«e,  and  much  sooner  loee  their  characteristic 
etructure.  The  fibres  uf  old  aniuiale.  and  even  of  young  onca» 
from  want  of  me,  Homt'limes  undergo  a  fatty  degeneration ; 
this  16  shown  by  n  nearly  total  absence  of  the  etriis^  and  by 
the  presence  of  numbers  of  oil  globulen  instcatl ;  these  last 
may  be  known  (as  will  be  ogain  pointed  outj  by  their  rcaJy 
aolution  in  Bidphuric  ether. 

Trachea. — These  may  be  beautifully  seen  in  some  of  the 
small  parasitic  insects,  when  mouiitwi  either  in  tluid  or  in 
Canada  baUam  (provided  the  latter  has  not  gaincil  entrance 
into  them,  as  then  they  will  be  more  or  lew  imlistinet).  The 
nmuigemcnt  of  tlie  large  branches,  and  their  communication 
with  tho  external  orifices,  termed  tjnracleit,  may  bo  well 
displnyetl  In  the  perfect  insect;  but  for  their  minute  distri- 
bution upon  tho  coats  of  tlic  various  viscera,  as  well  as  for 
tlicir  examination  with  high  powers,  the  dissection  of  each 
jmrt  Be|>arately  will  l>c  required.  For  thin  purpose  the  insect 
should  l>e  ploceil  in  one  of  the  small  trouglis  with  water,  and 
securely  fixed  to  a  loaded  cork,  or  to  a  plate  of  wax  by 
pins ;  the  body  Iwing  laid  open,  next  to  the  large  viscem  the 
trachctc  will  become  visible    ITic  stomach  or  intestinal  caual, 


ItOEge  and  traiu^parcnt,  will  exhibit  the  minute  ramifications 
the  best;  tor  thia  purpose,  atYer  bcinf;  slit  open  and  well 
wa6hcd>  they  should  either  be  mounted  in  fluid,  or  placed 
upon  a  Bitdc  tn  dry ;  if  care  be  taken  in  the  mounting,  they 

I  will  show  very  well  in  baltjam.  The  best  plan  to  pursue  in 
these  cases,  in  order  to  prevent  the  balsnm  from  enterii^  the 
tube,  is  to  drop  a  little  of  it  when  warm  upon  the  jirepamtioa, 
nnd  before  it  gets  qiute  cold,  to  lay  on  the  cOTcr  (with  its 
under  surface  heated),  and  to  press  it  to  exclude  all  the  air 
hubbies  iuid  tlie  excess  of  balsani.  When  the  entire  tracheal 
system  is  required  to  be  dissected  from  the  lar\'a  of  an  inoect, 
all  the  visceni  should  be  taken  out,  tlic  main  trunks,  with  their 
tufls  of  branches  will  be  then  seen  running  down  on  cither 
B  udc  of  the  body ;  and  if  care  be  taken  in  the  dlaecction,  the 
whole  system  may  be  removed  from  the  visceral  cavity,  and 
hud  out  on  a  slide  to  dry  prc\'ious  to  being  mounted  tn 
H  balsam.  Ity  (iur  the  most  simple  method  of  procuring  a  perfect 
system  of  tracheal  tubes  from  the  larvu  of  an  insect,  is  to 
make  a  small  opening  in  its  body,  and  then  to  place  it  in 
■  strong  acetic  acid;  this  will  soften  or  decompose  ull  the  viaceni> 
and  the  tnichecc  may  then  be  well  washed  with  tlie  syringe, 
and  removed  firom  the  body  with  tlie  greatest  facility,  by 
cutting  away  the  connections  of  the  main  tubes  with  the 
epiraclcs,  by  means  of  the  line-pointed  scisaon;  in  order  to 
get  them  upon  the  slide,  this  must  be  put  into  the  fluid  and 
the  trachcx  floated  upon  it,  after  which  thoy  may  be  laid  out 
in  tlieir  proper  position,  then  dried  and  mounted  in  bolaacn. 

•  The  Spiraclts  require  %-cry  little  dissection,  they  may  bo 
cut  from  tho  body  with  a  soa]|>el  or  a  pair  of  actaaon,  and 
mounted  either  in  fluid  or  in  balsam;  very  beautiful  examples 
may  be  seen  ui  the  Dyticux  marffiuaUs,  in  the  larvae  of  the 
Blow-Jtyt  and  the  Cockchafrr,  and  other  equally  common  inaecta. 
IvOige  tracheal  vessels,  when  cut  across  transversely,  will 
eometimes  exhibit  the  flbrc  unrolUng,  as  is  otYcn  seen  in  the 
spiral  vessels  of  plants ;  but  the  two  diR'er  in  this  respect,  in 
plants  the  spind  fibre  is  situated  within  ii  membrane,  whilst  in 
ioHcta  it  is  between  two  membranes. 
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Hn\'ing  now  ^ven  some  preliiuinary  directions  thai  may  be 
required  by  the  mtcnwcopist  for  Uie  dissectiou  of  iuiportnnt 
pait«  of  animala  generally,  it  only  remains  to  deacribe  the 
beet  method  of  procewling  to  procure  certain  woU-known 
preimnitions  from  particular  indiWduals ;  thoee  will  be  referred 
to  sepurutely  in  tlmt  pnrt  of  the  work  devoted  to  tlte  prepara- 
tioa  of  objects  of  great  interest. 


CHAPTER  XV. 

METnODS  OF  EXHIBITING  OBJECTS  OP  INTEREST. 

TTi^  Circulation  of  the  Blood, — Tliis  wonderful  phenomenon, 
altliough  in/iistod  on  by  the  immortal  Harvey*  was  never 
wiCneescd  by  him :  it  appears  to  have  been  first  di»,*overed  in 
the  water  newt,  by  Mr.  ^VlUiam  Molyuciuc,  in  tlie  year 
1683.*  Lccuwcnhoek,  the  father  of  microscopical  discoveries, 
woe  cof^^nizant  of  it,  and  in  his  works  ore  given  both  illustni- 
tions  and  dcM:riptiuns  of  the  mctliod  of  cxajnining  it  in  a 
little  fish  and  in  an  eel ;  it  was  also  the  most  favourite  object 
for  exhibition  with  the  older  microseopists,  and  every  ini^tru- 
incnt  was  providcil  with  itajijih  jmn  and  iw  tuite  for  small  eela. 
In  more  modem  times  tlic  frog  h&»  been  principally  used  for 
the  purpose ;  and  by  the  aclu-omatic  compound  microeoope 
the  cireidation  ha^  been  witnessed  in  some  of  the  smaller 
mammalia,  in  insects,  in  cmetaoea,  and  even  in  animals  aa  low 
in  the  scale  as  the  polypiferoiis  zoophytes. 

In  certain  spidert  anfl  iiutrts  the  cireidation  may  be  shown 
by  placing  them,  without  water,  in  an  auinmlcule  cage  (which 
will  be  found  to  answer  the  purpOj*e  of  the  /mv  box  of  the 
older  mieroscopists),  or  they  may  be  held  by  liic  forceps ;  in 
some  spiders  it  may  be  seen  in  the  legs;  in  insects  in  the 
transparent  wtngw  and  antcnnie,  and  sometimeit  in  the  legs: 

•   PhtloMnphicjil  Traasartioiu,  toI.  Xv^  p.  1236. 
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accupding  to  Sir.  Prilctianl,  it  may  be  vitoeawd  to  the  Prria 
mridis  and  S<mbii*  biSmeata,  when  tfaey  have  jusi  emci^ed 
from  the  chijmSM.  The  maei  fiiToarslile  aal^ecte  for  its  cxhi- 
bitiao  an  those  fooad  in  vater,  rix^  certain  lame,  togedber 
with  eomll  crusUcea  and  anndides;  these  nay  be  placed  for 
cxaaiination  either  in  the  animalcule  cages  deacfibed  at 
page  130,  or  In  the  water  trough  abow'n  at  fig.  93,  or  ereti 
in  any  suitable  tubular  or  drilled  cell,  and  eovered  over 
with  thin  gla^d.  Amongst  the  most  beautiful  arc  the  larraa 
of  the  foUowing  inaects,  viz.,  the  Ephemera  or  day'dy,  the 
I^uoied  gimt,  the  Hydropliilua  canUxmiea,  mod  a  Dragon  fly 
MUned  Agrion  puelk;  and  amongst  ihc  Crustacea  may  be 
inentiooed  the  onlinary  Water-6ea,or  MmiocuIub,  the  Daphnia 
pulcx,  or  Arboreeccnt  water-flea,  both  of  which  are  ray  oom- 
nion  in  etagnant  pooln,  leather  with  the  fresh-water  rfiriinp. 
nni  various  Bpccies  of  Oniscus  nr  Water4iog,  all  of  which  may 
be  examined  in  the  water  trough  or  in  a  targe  animalcule  ct^cu. 
The  circulation  In  tlie  larva  of  the  Ephemera  marginata  has 
been  accurately  de^icnbeil  in  the  first  volume  of  the  Emtomt^ 
h'jical  Maffozine,  by  Mr.  Bowerfaank;  where  abo  may  be 
seen  a  well-executed  Bgure  of  the  Urva,'  as  »Iiown  hy  the 
uiicroBCopc.  The  blood  is  colourlcAs,  awl  conatsla  ui  numerous 
oat-shapod  cells  or  particles  not  contained  in  Tcasels,  hut  which 
are  sent  to  all  parts  of  the  body  by  the  pulsatitm  of  a  hagc 
doml  TcescI  or  heart,  extending  nearly  the  whole  length  of 
the  trunk,  and  furnished  with  valves  of  a  |>cGuliar  construc- 
tion, about  e<|ual  in  mmiber  to  the  ecgmr-nts  of  the  body. 
Ltcsidcs  tlic  circulation  of  the  blocl  in  this  animaU  there  oro 
many  otlicr  [KHUts  of  intcretit  which  may  be  seen  with  the 
half-inch  object-glods.  The  structure  of  the  valves  can  only 
be  well  seen  when  they  move  slowly,  and  then  oidy  in  tha. 
three  or  four  last  segments  of  the  body,  when  the  vital  pDw< 
nr*s  nearly  cxiiaiuted.  In  the  Diiphnia  pulex,  the  oval  dot 
vessel  or  heart  may  be  soon  pulsating  rapidly  on  its  U 
CODTCX  side  or  hwk,  and  the  corpuscles  of  blood  nuy 
uutif^^d  iu  its  ImmtMliate  neighl>ourhoo(I  in  on  active  state  of 
movement  by  n  magnifyinj^  power  of  Iwo  hundre<l,  or  the 
i|uartcr*or-an-iiicli  ubjcct-gUiSM,  when  the  animal  is  confined 
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in  a  lur^e  nniniAlciile  cage.  In  pngc  41  of  the  second  e<litton 
ol'  Uic  Micrtxfraphia  Ilhtstrata  of  tltc  elder  Adniiu,  publislied 
ID  1747,  it  is  8tnto<1  that  the  cirndution  could  be  »«n  in  the 
k'gd  and  feet  ofciuiidl  ttptden*  nml  in  the  legtt  of  bugs;  uid  tlic 
nitivement  of  a  greenish  flukl  was  alao  to  bo  obeervcd  in  the 
wings  of  gmAdho|>[H'n«.  Lceuwenhfick,  he  tcUa  ub,  diacovere»l 
the  circulation  in  the  shrimp  and  even  in  the  tarthe^t  joints 
of  the  legs  of  Utile  cnibs>  which  nniinals  *'  may  be  found  under 
brickbats  and  stones  on  tbc  shores  uf  the  river  llianii's,  when 
the  tide  is  out ;"  imfortuoatcly  for  the  uiicroscopist,  these  last 
are  no  lon^r  to  be  seen  in  such  localities.  The  circidation 
of  the  blood  nuiy  be  readily  viewed  in  many  small  fi^ics;  tlie 
older  uiicrosteopists  cnipluyed  the  ccl,  tlie  cur{v  Uie  gttdgeou, 
and  tlie  6ounder,  for  the  purpose  of  exhibiting  it ;  these  were 
cither  couliucd  in  the  iLjh-|ion,  or  plac^  with  water  in  siiiidl 
glass  tubes ;  but  the  fish  now  commonly  used  is  tlte  Stickle- 
back^ Gasteroateus,  Flounders,  when  sufHclently  snudi,  form 
very  beautiful  objects,  but  ai*c  much  more  rarely  met  with 
than  the  stickleback,  wliich  is  abundant  in  uio»t  ponds  and 
ilitchcs.  Amongst  the  reptiles,  the  newt  and  frog,  and  the 
tadpoles  of  each,  are  gciurally  employed;  in  the  former  the 
circulation  may  be  viewi-d  in  the  tail,  in  the  feet,  and  in 
the  branchia:,  whilst  in  the  latter  the  web  of  the  foot,  the 
tongue,  and  the  bnuichim  and  tail  in  the  t/ulpole,  are  the  parts 
wliich  exliibit  it  to  tlie  best  advantage.  In  the  mammalian 
class,  it  can  l>e  seen  in  the  wing  of  tlic  bnt  and  ear  of  the 
mouae,  and  la  other  parts  not  too  opaque.  In  some  of  the 
invertehrutc  aniiiuils,  it  will  be  noticed  tliat,  altliough  the 
blood  itself  is  of  a  red  colour,  still  its  discs  or  corpuscles 
are  white,  the  colour,  unlike  that  in  the  vertebrate  scries, 
being  due  to  the  fluid  in  which  the  cor{ta8eles  Hoot,  and  nt>t 
to  tlie  corpuscles  them«.'lvi'g. 

Mrfhoil  of  MeH-inff  the  Circithtian  in  the  Vertebrata, — The 
tadpoles  of  the  newt,  frog,  and  tojid,  when  alx^ut  to  be 
exaniinc<l,  must  Im?  ptiioed  <>ilhcT  in  a  large  animalcule  cage, 
or  in  tlic  trough  described  at  page  142,  where  they  may  be 
subjccttHl,  if  nnviwnrv,  to  slight  pressure.  The  Uurva  of  the 
newt,  when   about   an   inch   in   length,  with   the   bnim-hiw 
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external,  ia,  perhapa,  one  of  the  moat  wonderful  objccU  that 
can  be  aecn  by  the  microacopc;  the  large  blood  corpuacles 
may  even  be  traced  as  t'ai-  aa  the  e-xtreniittea  of  the  toca,  but 
the  circiilatiou  in  the  bronchiic  i»  tlie  uioet  striking,  ofi  there 
the  brgo  capillar}'  vessels  are  directly  under  the  influence  of 
the  heart's  action,  and  the  movement  of  tlic  corpuscle*  i»  not 
continuous  but  synchronous  with  that  of  the  pulsation  of  the 
ventricle.  In  large  newts,  the  circulation  can  only  b« 
examined  in  the  tail ;  for  this  purpoec,  it  will  be  nccemary  to 
confine  them  to  a  piece  of  glasn  or  a  long  cell,  by  means  of  a 
bandage  of  tape ;  but  the  tall  being  vertical,  inatead  of  hori- 
zontal, the  body  must  be  kept  firmly  fixe<l,  otherwise  the  tall 
cannot  well  be  flccurcd.  Some  persons  phice  the  animal  in  a 
glass  tube  with  water,  but  unleM»  there  is  some  contrivaoco 
under  it  like  Mr.  Varley's  dork  chamber^  tlic  vesecle  cannot  be 
seen  distinctly.  With  fish,  the  plan  the  author  bus  found 
meet  convenient  is  exhibited  by  figs.  238  and  239;  in  fig.  238, 


Fig.  338. 

a  b  represents  a  plato  of  glaae  about  three  inches  long,  and  an 
ineh-and-a-lialf  wide,  uix>n  wliicb  is  cemented  a  glass  ctJI,  d^ 
having  a  long  oval  cavity,  c,  deep  enough  to  contain  an  nnlinarj* 
sized  sticklubiick :  to  tlic  uudur  surface  of  the  Imtlonj  plate  of 
glass,  at  the  corners,  are  cemented,  as  shown  by  fig.  239,  foiir 

etri])s    of   pUtc-glasa, 
'-THPVITiIII  jirV)ld^^Hri  about    a    qiuirtcr-of- 

on-inch  wide,  after 
the  plan  shown  at  e; 
these  serve  Uy  rai«e 
the  bottom  plate  in 
Duch  a  nuinncr  that  when  titc  trough  is  laid  on  tlic  stage  of 
the  mirroACOpc,   llic  bnndnge,  d,  will  not  interfere  with  its 
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Fig.  239. 
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sbiniling  perfectly  flat.  The  baudugi!  should  be  from  eight 
inches  to  a  foot  in  lengthy  »m1  half-un-inch  or  more  in  width ; 
H  small  piece  of  it  should  be  laid  in  tlio  bottom  uf  tho 
trough,  oud  upon  this  the  6sh  ie  to  be  placed  horizontally, 
the  bantliigc  may  then  be  wound  round  the  cell  and  tho 
body  of  the  fish,  to  secure  it  from  kicking  very  much, 
but  not  to  tight  aa  to  stop  the  circulation,  taking  care 
that  all  the  turns  are  within  the  recess  lert  between  the 
strips  of  glaiw,  aa  shown  by  */  in  fig.  239.  Some  water  is 
now  to  bo  added,  so  &&  nearly  to  fill  tlie  cell,  and  the  toll  of 
the  fish  is  to  be  si^rcad  out  as  shown  at  fin  fig.  238.  Id 
onlcr  to  prevent  the  toil  from  being  flapped  up  against  tho 
objeet-glttsu,  a  thin  piece  of  brass  or  other  metal  of  either 
of  the  shapes  represented  by  a  or  ^  iu  fig.  240,  is  to  be 
placed  over  the  body  of  the  fish,  the 
large  end  being  turned  towards  the 
head,  and  the  small  eo  arranged  as  to 
cover  the  commencement  of  the  tail« 
an  shown  in  fig.  23H  at  ff,  and  in  fig. 
239  ftt  r.  The  metal  may  be  secured 
by  the  bandage,  but  it  should  not  bo 
»>  long  as  to  cover  the  entire  length 
of  the  fish,  but  only  about  half-ao-incli  of  the  caudal 
extremity,  otherwise  the  movcmcnta  of  the  body  cannot 
l)c  entirely  controlled.  In  order  to  prevent  any  of  tlio 
water  from  being  sploshed  out  of  the  cell,  and  also  to  secure 
the  objt'ct-glttss  from  having  any  moisture  condensed  u[>on 
it,  that  part  of  tho  cell  inunediutely  over  the  tail  may  be 
covered  with  a  piece  of  tliiu  gla^isi,  wliich  will  answer  both 
purpoeee;  the  cell  must  be  nearly  full  when  the  glass  is  laid 
on,  otherwise  if  a  stratum  of  air  intervene  between  the  water 
and  the  thin  glass,  correct  definition  cannot  l>c  obtained. 

Circulation  of  BUhmI  in  tfte  Frvff. — Tho  part  moat  commonly 
employed  for  tins  purpose  is  the  transparent  web  of  the  liind 
foot;  and  in  order  lo  secure  the  animal,  and  keep  its  web 
open,  various  contrivances  have  been  had  recourse  ttx  Tlic 
older  raieroscDpists,  as  seen  in  the  works  of  Ruker  and  Adanu, 
were  in  the  tiabtt  of  tying  tlie  frog  to  a  frame  of  bra£s  with 


Fig.  240. 
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eoine  fine  cord ;  but  now,  as  firet  practistitl  by  Mr.  Gtmdby,  t\w 
entire  bodvf  with  tht'  exception  of  the  foot  to  be  ojcomined.  m 
secured  in  a  linen  ling,  which  is  fastened  to  a  plate  of  hnsA, 
ti-nucd  the  froff-plate,  as  shown  at  a  a  in  fig.  241,  und  fully 


Fig.  241. 

dcHcribod  at  page  141 ;  tbia  \a  ao  contrived  a«  to  be  hcJd 
firmly  by  some  part  of  the  stage  of  the  micoecope,  and 
moved  about  with  it.  Although  the  ahaiH"  of  the  pintr,  na 
constru-'led  by  our  principal  instninient-nmkfrs,  uiny  vaury 
considerably,  the  moilc  of  using  it,  nevertheless,  is  nearly  the 
same  in  ulL  A  linen  bag  shotild  bt-  proviih-d,  nbont  ihrc*  or 
four  iiiclie?  in  length,  and  two-uml-u-luilf  inchi-4  broad,  u 
ihown  M.  b  b  in  fig.  24],  having  a  pieee  of  tape,  c  c,  sewud  to 
each  eide  about  midway  Wtwccn  the  mouth  and  the  Imttom, 
and  the  mouth  itself  should  bo  capttble  uf  being  eloped  by  a 
drawing  Mring,  d  iL  Into  tlua  bag  tlie  fn^  \b  placed,  and 
only  tlic  leg  in  which  the  eireuhition  is  about  to  be  examined 
kept  out  of  the  mouth,  the  «tring,  d  d,  vf  then  to  l>c  drawn  ao 
tight  anmud  Utc  Buinll  ]>Art  of  the  log  as  to  prevent  tlic  foot 
from  being  [lulled  into  the  ba<;,  but  not  to  stop  the  cin-ulation  ; 
three  ehort  pieces  of  threail,_/*_^/*yi  are  now  to  be  passed  round 
the  three  princi|HiI  toew,  and  llie  bag  with  the  fnjg  la  to  be 
faiftenej  In  ihc  plate,  a  a,  by  means  of  the  tape*,  c  r.  Wlun 
this  U  arcnuiplwlied,  the  threiMlit,  ///»  are  to  be  inaAcd  cither 
through  Miine  of  the  hok'i>  in  the  edgi-  of  the  plate,  Ihrrc  iif 


whi<:h  are  shown  hy  g  g  y^  in  order  to  keep  the  web  open,  or 
what  answers  better  is  a  series  of  pegs  of  the  shape  rcpre> 
eented  by  A,  each  having  a  alit,  i,  extending  more  than  half 
^  way  down  it ;  the  thrcuda  are  wound  round  tJieue  two  or  three 
■  tunee,  and  then  tlio  end  is  (secured  by  putting  it  into  tlie  slit,  t. 
The  plntc  is  now  ready  to  Ijc  athiptcd  to  the  stage  of  the 
|.     microscope ;  the  iH|tuire  hole  over  whicli  the  foot  ih  placed 
'      mutit  be  brought  over  the  hole  in  the  stage  through  which 
the  light  parses  to  the  object^^tass,  so  that  the  web  can  b« 
strongly  illuminated  by  the  mirror.    The  magnifying  power 
employed  ebould  be  from  6fty  to   a  hundred  diameters,  or 
the  one-inch  or  the  holf-ineU  object-glass.     If  the  individual 
corpUAcles  of  the  blood  and  lymph  arc  required  to  be  seen,  the 
quarter-of-on-inch  object-glasa  should  be  uaed.    Those  who 
are  not  in  poesetteion  of  a  braas  frug-plate  may  employ  n  piece 
of  soft  wood  or  a  layer  of  cork,  about  six  inches  long  and  two- 
and-a-half  wide,  for  the  purpose;  a  hole  about  on  inch  long 
and  threc-quartcrd-of-an-iucb  broad,  aa  abown  at  Mn  fig.  242, 

being  cut  through  it  near 

to    one   end.     The   fnig 

secured  in  the  bag,  and 

tied  to  the  cork    in   the 

same  way  aa  to  the  l>niM 

plute,  is  to  have  the  web 

brought  over  the  Iwde,  A; 

email   jilnH,  H  d  d,  may 

then  be   passed  through 

the   web    into   the  cork 

clo6c  to  tlie  toea,  c  c  r,  to 

keep  it  open.    This  plan,  although  more  easily  managed  and 

attended  with   niucli   less   trouble   than   that  represented  by 

fig.  :[!4I,  is,  ncTcrthcle«0,  generally  looked  upon  by  the  fair 

sex  as  a  nmch  more  cruel  act  than  where  the  threads  arc 

employed.     Some  persons  atlopt  the  plan  of  tying  the  bag 

containing  the  frog  to  the  plate,  in  tlie  manner  shown  by 

fig.  241  ;  but,  instead  of  employing  eitlier  strings  or  pins, 

tliey  spread  out  the  web  uf  the  loot  upon  the  ghisa  at  the  end 

of  the  plate;  the  animal  will  generally  keep  its  fool  steady 

24 
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Upon  this  after  a  few  trials  csjicciidly  if  the  gbus  lias  been 
prenously  wetted,  A  fro^  bo  mounted  ia  capable  of  exhibit- 
ing many  of  tlic  effecU  of  inflanunation ;  if,  for  instance,  ft 
spot  in  the  web  be  touched  with  the  point  of  a  needle,  or  a 
amall  drop  of  alcohol  or  other  etimuladng  fluid  be  placed  upou 
it,  the  circulation  Trill  stop  in  tliat  part  for  a  lonper  or  shorter 
period,  according  to  the  amount  of  injur}'  inflicted,  the  veaeeU 
in  the  neighbourhood  will  soon  become  tur^d,  and  eren 
sometimes  be  entirely  clogged  up  with  blood ;  if  no  further 
stimulus  be  applied,  they  will  be  seen  to  rid  themselves  of 
their  contents  as  easily  as  they  became  full,  and,  nl\er  a  tune, 
the  circulation  will  be  reatored  in  every  part.  For  those  who 
are  unacquainted  with  the  parts  which  may  bo  observed  by 
the  microscope  in  the  foot  of  the  frog,  it  may  be  aa  well  here 
to  state  that  the  majority  of  vessels  in  which  the  blood  is  eeeo 
to  circulate  are  veins  and  capiUaries;  the  former  may  be 
known  by  their  large  size  and  by  the  blood  moving  in  them 
from  the  free  edge  of  tlie  web  towards  the  1^,  oIho  by  their 
increase  in  diameter  in  the  direction  of  the  current;  the  latter 
are  much  smaller  than  the  veins,  and  their  size  is  nearly 
uniform,  the  blood  also  circulates  in  them  more  qtuckly;  the 
arteries  are  known  by  their  email  size,  and  by  the  great 
rapidity  with  which  the  blood  flows  in  them,  they  are  far 
less  numerous  than  either  of  the  other  vessels,  and,  gencrolly 
speaking,  only  one  can  be  recognised  in  the  field  of  view  at  a 
time ;  in  consequence  of  their  being  imbcddo<l  deeper  in  the 
tissues  of  the  web  than  the  other  vessels,  the  circulation 
cannot  be  so  well  dcfine<l  as  in  the  latter.  The  black  sf^totd  of 
peculiar  sliapes  that  occur  in  all  parte  of  the  web  arc  cells  of 
pigment,  and  the  delicate  hexagonal  nucleatetl  layer,  which, 
with  a  |K>wer  of  one  hundred  diameters,  can  be  seen  investing 
the  upper  surface  of  the  web,  is  tesselated  epithelium. 

Method  of  Viewing  the  Circulation  in  the  Tongue  of  the  Fsoff. — 
The  organ  which,  on  account  of  the  complexity  of  its  structure, 
is  the  best  adapted  for  examining  the  circulation  of  the  blood, 
is  tlie  tongue  of  the  freg,  for  into  this  enter  nearly  all  the 
anatomical  elements,  viz.,  arteries,  veins,  capillaries,  muscles, 
nerves,  glantls,  membranes,  &c,,  rt^presenting,  in  &ct,  almost 
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every  kinJ  of  urganization  in  a  smnll  compass.  The  following 
mettiod  of  preparing  this  organ  for  examiimtlon  unJcr  the 
niicroAoojM!,  without  endangering  the  life  of  t}ic  oninial,  and 
which  can  be  repeated  a  great  number  of  timea  in  the 
oame  frop,  hn&  been  ejclractcd  from  the  jMwhu  Pki/sioloyteai 
Journal,  P»ge  125,  being  n  mollification  of  that  recommended 
by  Dr,  Waller:^"  A  piece  of  cork,  from  two  to  three  inches 
in  breadth,  and  mx  to  eight  inches  in  tciigtli,  \a  to  be  procured, 
ID  wltich  is  to  be  borc<l  a  hole  of  about  haU'-an-inch  in 
diameter  midwny  between  tlie  sides,  and  about  an  inch-and- 
a-lmlf  to  two  inches  from  one  of  it«  ends.  In  this  part  the 
piece  of  cork  should  be  of  double  thit-knees,  which  ia  effected 
by  joining,  by  ineana  of  marine-glue,  a  Bioall  piece  of  cork 
upon  the  first  piece.  Upon  this  is  laid  tlie  fntg,  previously 
enveloped  in  a  linen  bond,  or  fixed  to  the  cork  by  pins 
thnist  through  the  four  extremitiea,  so  as  to  prevent  any 

t  great  movementa  of  its  body  or  its  feet  ;  it  is  placed 
upon  tlie  back,  the  end  of  the  nose  abutting  on  the  border 
of  the  hole.  The  tongue,  the  free  end  of  which  is  directed 
backwards,  is  then  to  be  drawn  out  of  the  mouth  gently  with 
ft  furccpe,  and  slightly  stretched  and  elongated  until  it  reaches 
a  little  beyond  the  opposite  eilge  of  the  hole,  where  it  is  to  l»e 
fastened  by  two  pins;  the  sides  are  to  be  fastened  over  the 
hole  in  a  similar  way.  Jn  this  state,  the  tongue  presents  the 
apponrance  of  a  semi-transparent  meuibrant?,  which  permits  us 
to  sec  througli  its  subritance ;  and  when  placed  between  the 
light  and  the  object-gbiss  of  the  micro6co(>e,  offers  one  of  the 
most  beautiful  an<l  marvellous  spectacles  which  can  possibly 
be  witnessed."  The  other  parts  of  tlw  frog  in  wliicb  the 
circulation  can  be  viewed,  arc  the  lungs  and  the  mesentery; 
but  for  both  these  the  abdominal  cavity  must  be  opened.  Id 
many  of  the  works  of  the  old  microscopists,  especially  Atlama 
and  Ledermuller,  arc  shown  various  contrivanceB  for  exhibit- 
ing the  circulation  in  the  mescnteiy;  the  microscope  oF 
Licberkuhn,  described  at  |ioge  17,  was  contrived  for  this 
purpose,  and  for  such  wiis  employed  by  Lodrrmuller.  The 
plan  now  generally  adopted  is  to  dip  the  frog  into  water  at 
the  temperature  of  120",  whercbv  nil  muscular  action  it* 
21* 
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Stopped*  but  tlie  circtilatiou  still  umtinuefl,  the  «PTTnml  oa 
then  be  verr  easily  managed ;  as  soon  as  the  body  ie  opeaed, 
the  lunge,  from  beiug  fuU  of  air,  will  protrude ;  one  of  tfaoc 
in  to  be  token  and  bent  over  on  a  piece  of  glass  placed  oo  the 
stage  of  the  microscope,  and,  viewed  io  the  onliiuuy  way. 
the  magnificent  ^ght  then  disclosed  will  baffle  all  poweiB 
of  description.  If  the  mesentery  be  required  for  the  same 
purpose,  it  inaj,  like  the  Inng,  be  spread  upon  a  plate  of  gfatfi 
and  examined  la  a  similar  manner. 

The  circulation  in  the  mammalia  id  to  be  seen,  but  not 
dietiuctly  as  In  the  reptiles,  the  ports  generally  selected 
the  wing  of  a  bat  and  the  thin  ear  of  a  nnnll  mouse;  fa 
tliis  purpose  the  body  of  each  animal  most  be  finuly  sect 
and  in  the  case  of  the  former  the  wing  may  bo  held  do* 
by  braces  of  cardboard;  the  laigest  vessels  will  be  found  is 
the  neighbourhood  of  the  bones  of  the  wing,  from  which  tbcy^^ 
may  be  traced  into  the  more  transparent  porta.  The  ear  <t^M 
the  mouse  is  more  difficult  to  manage;  after  securing  the 
body,  one  of  tlie  ears,  slightly  compressed  by  a  brace,  m»y 
then  be  examine<l ;  the  circulation  will  be  most  clearly  sec 
near  the  edge,  but  at  the  best  of  times  the  nuinagemc: 
of  this  active  little  animal  will  be  found  very  troublesome 
Luckily,  however,  auaetha-tic  agents  have  the  same  po 
over  these  creatures  as  over  the  human  subject,  anid  lh> 
administmtion  ofchlorofonn  m»y  be  utlopted  with  the  grente; 
success  to  keep  Initlt  tlie  hat  and  the  mouse  perfectly  quii 
without  stopping  the  circulation  of  their  blood. 


OK  THE  CIRCCLATION  IN  PLANTS. 


"  As  long  ago  as  the  year  1774  it  wa«  known  to  botanistA," 
■ays  Dr.  Lindley/  "  that  a  certain  Abb<?  Corti,  of  LiK-ca, 
iinfl  publialicHl  some  n>niarkablo  obfwrrationa  upon  the  ciriMi- 
lalioQ  or  Huid  in  sonic  aquatic  |ilanta,  and  ibat  the  accuracy 
of  tbia  statement  hail  been  coufirmed  by  TreWranus  so  far 
back  as  the  year  1817 ;  nevertiielcss,  the  fact  does  not  seem 
to  hare  attracted  general  attention  untU  the  publication  by 
Amici>  the  celebrated  professor,  at  ^lodcDa>  of  a  memoir 
in  the  cij^itceuth  volume  of  the  TraHsartiotts  of  the  Italian 
SiH-itty^  which  was  succeeded  by  another  in  ihc  nineteenth." 
'Hie  plant  employed  by  all  tbe^c  observers  appears  to  liave 
been  a  species  of  Chara,of  which  genus  every  species,  whether 
ojinquc  or  transparent,  will  readily  exhibit  it ;  the  transfMirent 
kiudd  without  any  previous  preparation,  wluhit  the  opaque, 
from  being  coated  with  carbonate  of  lime,  nK^nire  to  Itave 
tliis  removed.  Since  the  publication  of  Aniici's  papers,  the 
circulation  of  the  sap  in  varicroa  plants,  now  termed  by 
botanists  C^cloth^  has  occupied  the  attention  of  many  indi- 
viduals in  tliis  mctnipoliit ;  amongst  the  mnett  noted  may  be 
mentioned  the  names  of  Mr.  H.  H.  80117,  ^'"^  ^^^  ^^^'  •^l^c^^ 
and  Mr.  Varlcy ;  to  the  latter  gentleman  we  arc  vAm  indebted 
for  many  valuable  discoveries  Utcly  published  in  the  second 
volume  of  the  Trnnsartttnu  oftlie  .\ficrotmjnrai  Sticirty^  sm  well 
as  for  important  apparatus  fur  viewing  the  circulation,  all  pf 
which  will  here  demand  our  attention. 

Cfuira. — The  (ilaul  which  Mr.  Varley  has  examined  eo 
carefully  is  the  Chara  vu/t/aris^  an  aquatic  plant,  found  either 
in  atagnantt  salt,  or  fresh  water,  olwaye  submerged,  and  giving 
oat  a  most  disagreeable  fetid  odour ;  its  colour  is  grccu,  tlie 
stem  is  branched  and  surrounded  liere  and  there  witli  wlxtrld 
uf  emallcr  branches,  generally  nine  in  number;  a  |>orlion  of 
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a  ctenirwitik  iu  mhaAt,mmta  tf  the  aaliual  mxt  in  %  143, 
«bI  "-g-=g«J  in  i^  W ;  5vn  tbe  centre  of  racfa  «hd  » 


\ 


FY.34a. 


J-Va**. 


'  jMller  branch  is  given  ofl*,  and  wliercTer  this  takea  plane 
ttry  delicate  filaments,  called  roots,  arc  found  to  grow 
tlte  oppoate  side.  The  main  tabe,  aa  flhown  in  ^.  244,  is 
covered  throughout  its  entire  length  with  eigfateea  anuUer 
tubes,  and  is  coated  very  thickly  in  aorae  parts  with  carbonate 
of  lime,  which  renders  the  etcm  both  opaque  and  very  britUflk 
Belonging  to  the  same  family  as  the  Chara  is  a  genus  tenn«d 
Xitella,  in  which  there  are  several  ^ledes  that  exhibit  the 
circulation,  amongst  them  may  be  named  the  X.  hyalina  and 
flcxiliit;  the  stem  of  these  plants  conrasts  of  a  single 
rent  glassy  tube  of  a  delicate  green  colour,  with  trane 
joints.  In  these  the  cimUation  can  be  viewed  without  any 
pntpamtion,  but  in  the  Chara  \-uIgari6  tbe  stem  will  often 
rc<|uirv  to  be  freed  &um  ita  carbonate  of  lime  before  any  trace 
of  it  will  be  visible.  A  portion  of  the  stem  of  NUr/ia  Jlrxiii* 
is  sliown  of  ita  natural  size  by  fig.  245 ;  when  this  is  compared 
with  the  Cliara  vulgaris  the  diflcrence  is  manifest,  as  the  joints 
Hru  mil  only  more  delicate,  but  there  ia  no  outer  coating  of 
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aiiiiill  tubed,  and  the  incrustation  of  carbonate  of  Uroe  ie  a 
rare  occurrence.  A  portion  of  the  upiK-r  fiart  of  one  of  the 
Mleuid  higiily  magnified  is  represented  by  fi^.  246 ;  in  this  the 


Fig.34d. 


Fig.  346. 


artowd  denote  the  dirccdon  of  the  movement,  and  the  letters 
a  a  the  colourless  division  of  the  joints  which  separate  the 
naoendinr;  find  dci*centling  currents ;  tlie  circulation  may  even 
be  witnessed  in  the  whorl  of  young  leaves  at  the  top,  «,  and  in 
all  tiic  other  parts  indicated  by  the  arrows. 

Mrt/mi  of  I'ieieit^  the  Circulation. — If  the  Cham  or  NiteUa 
be  in  abundance,  a  new  piece  may  be  seletrted  each  time  for 
cxADiination,  but  if  it  be  scarce,  and  especially  if  it  be  wialied 
to  watch  its  development,  then  tlie  plan  adopted  by  Mr.Varley 
will  be  found  necessary.  For  this  purpose  some  cylimlrical 
wide-mouthed  pliiale  will  be  required;  into  each  one  a  small 
branch  of  the  plant  roust  be  put,  then  a  thin  slip  of  glass  is  to 
be  laid  over  it,  and  kept  in  place  by  two  wedges  of  cork,  in 
the  manner  shown  in  fig.  247 ;  water  may  now  be  added  to 
fill  up  tlie  phi^l,  and  tho  phut  is  tlien  ready  to  be  examined. 
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In  onler  to  do  iIm,  die  pimi  hoider  |iig»iouJy  ^makti  tf 
page  143  wiQ  be  necesamrj :  into  tfac  t^ 
as  there  ibowii,  the  pluaj,  previiMlf  «l 
corked,  nniM  be  placed  with  the  pint  cfp 
site  the  hole,  the  bolder  m  now  to  be  find 
tothcftage  of  the  mieraaoape,  and  the  %k 
reflected  throogh  tbe  bottom  tube,  whm  ^ 
C*hmn  may  be  viewed  in  tbe  t^™*>  ^tmamfr » 
any  olber  object.  In  urder  to  gel  bbj  dhi 
in  porticiiUr  into  the  fieU  of  Tiev,  ^  |^ 
amy  be  either  turned  round  or  olid  in  nd 
uQt,  the  qniog  in  th«  darit  chamber  w3 
always  keep  it  firmly  preased  »n^*f^  ikf 
Fip.  247.  npper  part  of  the  tnbe  througfa  which  it  a 

papDcdi  Hiis  mode  of  treating  the  Clan 
has  many  advantAges,  not  fMily  is  it  always  ivadv  at  bwt, 
but  the  gruwtli  of  any  particular  part  can  be  watcJkcd  6roai 
day  to  day,  oa  tbe  tmaD  apedmens  will  frequently  keep  aSre 
for  many  months  when  not  exposed  to  too  much  1^^  and 
the  water  changed  occasioimUy.  )Ir.  Varlcy  ha^  cfHitrind  a 
micnMcope  fnr  tlte  cxpreaa  purpose  of  holding  the  phial;  thk 
inatniinent  i^  fully  described  in  the  fiAieth  vohune  of  the 
TraMJuithajui  of  tJir  Soriety  of  Arts^  an<l  Trill  b<*  found  exceed- 
iti^y  useful  to  thoee  about  to  inrestigate  this  very  ioterealmg 
mibject. 

Soon  aAer  the  circulation  in  the  Chara  and  the  Xitelhi  had 
become  generally  known,  tbe  attention  of  microeoopists  was 
directed  (o  dti>covcr  the  sumc  phenomenon  in  other  plant*; 
amongst  the  fint  that  yielded  to  a  careful  ecnitiny  was  tbe 
Ujfdrocharis  marsus  rana,  or  FrtMi-bity  an  aqimtic  plant  Teiy 
common  in  ditches  and  streamsi.     Mr.  Slack   has   {jircn  an 
excellent  account  of  it  in  the  forty-ninth  volume  o£  the  Tram»- 
actioiu  of  the  Society  of  Arts,  irom  which  figa.  246  and  249  are 
tflkcn.     Fig.  248,  a,  represents  a  portion  of  t)ie  plant  of  the 
natural  size;  surroimding  the  leaf-butb,  A,  are  very  transpa- 
rent  scales,  as  eeeu  at  c,  in  these  the  circulation  may  be 
ob8cr\-od  by  plncinp  them  upon  a  glass  slide  with  water,  and 
luying  A  thin  glitss  cover  over  tlicm;  when  viewed  with  a 
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mflgnirying  power  Troin  one  huiHlroil  to  two  hundred  diameters, 
ail  appearance  such  oa  that  shown  in  fig.  249  will  present 


n 


Fig.  248. 


Fig.  249. 


itaclf ;  a  few  flattened  ccUb  of  the  cuticle,  d  ef,  will  tlicn  be 
seen  with  u  spim)  vessel,  a  b,  beneath  them,  lu  each  cell 
may  be  observed  a  motion  of  oblong  green  globules  creeping 
round  and  niund  in  the  direction  of  the  arrows;  iu  some  cells 
a  large  transparent  globule  or  nurlnut  is  seen,  as  at  /,-  tliis 
also  will  aomctintes  be  fonn<I  circulating;  with  the  smaller 
globules.  The  cireulntion  may  also  be  noticed  in  sections  of  the 
stems  of  the  same  phmt ;  after  the  section  has  been  uimle,  the 
circulation  is  de^ulened  or  stopped  for  a  time,  but  on  being 
allowed  to  remain  quiet  fur  a  short  time  in  the  water,  it  will 
recover  its  fonner  velocity. 

Tradeacantin  virt/intea — Spidertrtfrt. — The  circulation  in  the 
jmnted  hair  of  tlie  filament  of  the  anther  of  this  jilant  was 
firet  discovered  by  Dr.  Kobert  Brown,  in  1828,  and  has  since 
that  time  been  seen  and  described  by  other  botanists,  and 
amongst  ibcm  Mr.  Slack,  from  whose  paj>cr  the  magnified 
drawing  of  the  hair  represent^*d  hy  fig.  250  has  been  taken. 
It  is  composed  of  three  delicate  elongated  cells,  as  shown  at 
b  c  (if  which  rest  upon  a  broader  and  shorter  cell,  a,  having,  in 
the  present  case,  a  few  flattened  cells  of  the  cuticle  of  the 
calyx  attAchcfl  to  it  In  all  Uie  elongated  cclla,  «  b  r,  except 
d,  tlic  circulation  ean  be  easily  eccu  with  a  power  from  two 
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hundred  to  four  hundred  diameters,  but  in  d  it  oan  only  now 
and  then  be  shown.  Each  cell  baa  its  lai^c  nutUn*  and  its 
acuinipanying  email  gtobulcd»  as  in  the  other  ptanCA,  aome- 
timci!  even  mnny  rvirrents  arc  seen  in  the  aame  oelL 
"  Throughout  the  plant,"  says  Mr.  Slaolt,  "  the  drcnlmtioa 
may  be  shown,  in  the  petal  even  when  entire,  and  in  all 
sections  made  of  the  stem  and  leaves."* 

PenUOemon, — Mr.  Slack  has  also  described  the  circulation  in 
a  gpecies  of  Pentstemon  in  the  hairs  taken  from  the  thro«t  of 
the  corolla.     One  of  tbe^:  is  shown  by  fig.  251 ;  when  highly 


Fig.  250. 


Pig.  9i1. 


magnified,  it  ia  ono  oontinnous  cell  projecting  from  the  cuticle. 
In  this  hair  tlio  currenla  move  in  various  directions  ns  shown 
by  tlie  arrows — some  paw  to  tlie  top,  whilst  otben  do  not 
extend  half  way  before  they  return,  and  very  often  two 
currents  imite  to  form  one.  Mr.  Slack  eutes  that  ho  never 
observed  a  uuclcus  in  any  of  these  hmira. 

GrounfUel. — The   circulation   in   the   delieate   hairs  found 
u[K>n  tJie  leaf  iMlke  of  the  common  groundsel,  Hmtrio  Kuigwu^ 
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was  firal  tUocovercd  by  Mr.  liulland  with  his  tnplct  micro- 
Bcope  in  1832,  The  niovcmcDt  of  the  globules  is  the  etuae, 
but  much  more  delicate  than  in  thu  Tnideacantin,  tlie  nuclenu 
alao  being  present;  ft  inagiiit'ying  power  of  I'uur  buDdred 
diameters,  at  leiiAt,  aliould  be  employed  to  examine  this  delicate 
object;  it  may  be  seen  dry  or  in  water  between  glaaaea. 

VallisTieria  spiraUs. — This  plant  is  a  native  of  varioufl  parts 
of  the  world,  but  in  the  soutli  of  Europe,  the  Knet  Indies,  aad 
America,  it  appears  to  grow  moet  abundantly.  The  name 
Mjnraiis  was  given  to  it  by  LannKus,  but  in  order  to  distin- 
guish it  fnun  an  Italian  plant  of  the  same  genus,  it  has  been 
termed  by  Sprengel  V.  Jacquiniaiut.  Its  natural  habitat  is 
tlie  still  [wrtiomi  of  riven*  and  lakes,  and  for  the  beautiful 
contrivance,  displayed  in  the  mechanism  fur  keeping  its 
flowers  above  tJie  water,  it  has  been  tho  theme  of  the  poet'a 
song.  When  growing,  its  apjfcaraDce  is  not  at  all  inviting,  as 
it  very  much  resembles  ao  much  grass  in  tlic  water,  the  long 
thin  leaves  being  secured  to  tho  mud  by  numerous  white  hair- 
like  roots.  But  to  compcnaatc  for  its  uninteresting  uppcorance, 
tlie  plicnomenon  of  the  circulation  disclosed  by  the  microscope 
18,  without  doubt,  tlic  gnuidcst  that  has  as  yet  been  seen  in  the 
whole  vegetable  kingdom.  If  one  of  the  leaves  be  laid  on  a 
glass  elide,  aud  a  ahiiqi  kuifL-  passed  along  it  witli  its  back 
slightly  elevated,  so  that  its  wlge  may  come  in  contact  with 
the  leaf,  a  thin  slice  may  be  cut  off;  this,  when  placed  under 
n  power  of  two  hundred  diameters,  will  exhibit  a  number  of 
oblong  cells,  more  or  Icsa  full  of  green  granules,  whicb, 
generally  speaking,  will  he  found  to  be  in  continued  circulation 
round  the  walls  of  each  cell.  If  tlic  section  should  chiefly 
consist  of  the  outer  part  or  cuticle  of  the  leaf,  the  cells  will  be 
»nall,  and  the  green  globules,  termed  chhrophylte,  in  the 
greatest  abumlance,  but  rarely  circulating;  if  the  section 
diould  extend  through  the  middle  of  the  plant,  numerous  elon- 
gated colouriess  cells  will  then  be  seen  with  green  pordcles 
only  prcscDt  ou  the  margin^  and  these  in  active  circulation, 
and  accompanying  them  a  large,  more  or  less  transparent, 
nucleus;  the  movement  of  the  granules  is  more  plainly  seen 
than  in  the  Chara  and  Nitella,  on  account  of  the  transparency 
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of  the  cells,  and  also  by  reason  of  the  grcni  contrast  between 
the  colour  of  the  cell  wall  and  that  of  the  granules.  Tfae 
circulation  also  will  be  frequently  found  to  vary  in  its  direction 
in  two  celb  lyinj^  side  by  add  which  la  another  material  point  ia 
which  it  differs  from  all  the  tribe  either  of  Chara  or  NitelhL 

Sest  Method  of  Meu-ing  the  Circulation. — For  this  parpoWt 
in  the  eunuuer  months,  when  the  plant  \a  in  ita  most  \'igoroQe 
state,  any  one  of  the  leaves  nmy  bu  taken,  and  after  hariiig 
been  cut  in  the  manner  previoui^ly  described,  hud  upon  m 
elide  with  water,  and  covered  witli  a  piece  of  tliin  glaas,  or 
placed  in  an  animalcule  cage,  the  chancea  are  tlutt  it  will 
exhibit  the  cireulatiuu;  if  not,  a  little  heat  applied  to  it,  either 
by  adding  aome  warm  water,  or  by  placing  the  slide  for  a  few 
eceonde  over  an  argand  lamp,  will  often  start  it  ofC  In  the 
winter,  the  leaves  that  are  turned  a  little  yellow,  or  even  thoaa 
wliich  appear  dead,  will  often  show  it  the  l>eet ;  the«e  slitniM 
be  cut  some  little  time  before  llit-y  arc  wanted,  and  phkocd 
in  warm  water  immediately,  or  what  has  often  moeeeded 
with  the  authot  is  to  place  them  in  a  email  bottle  with  water, 
and  carry  this  in  one  of  the  |>oekets  of  the  (lres4  in  which  then 
is  the  greatest  amount  of  heat  Whenever  the  leaf  has  been 
cut,  the  circulation  will  be  deadened  for  a  time;  but  l»e*t 
applied  in  one  of  tlie  ways  above  directed,  will  generally  be 
the  means  of  restoring  it  to  its  former  state  of  activity. 

Method  of  Cnltiratimf  Chara,  Vallianeria,  §r. — Mr.  Vorfey, 
who  hfli  had  great  experience  in  these  matters,  addreseedy  in 
1840,  B  letter  to  the  editor  of  tlie  Microxnrpical  Jourtuxl  on 
the  subject,  and,  as  no  better  dcAcription  than  tliis  can  bo 
given,  the  author  lias  thought  proper  to  transcribe  it  neviy 
verbatim  :— 

"  In  cullivatinr;  these  plants,"  says  Mr.  Variey,  "  it  is  only 
requisite  to  take  notice  of  the  circunlstance]^  under  whidt 
Chara  naturally  thrives,  and  to  imitate  them  as  nearly  ae 
practicable. 

Firstly.  The  Chara  tribe  ia  most  abundant  in  still  wat«n 

.fiuls  that  never  bccocno  quite  dry ;  if  found  in  ntnnii^ 

it  is  modtly  met  witli  out  of  the  current,  in  holes  ur 

lyn,  whrn:  the  stream  lias  little  clftrt,  and  never  on  any 
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prominRncc  ex)H»ed  to  tlie  current.  If  tho  Chora  could  bear 
a  ciUTcnt,  ita  fruit  would  mMtly  be  carried  on  and  be  deiKMitod 
in  IioIch;  but  it  acnda  out  from  its  varioud  jointd  verj-  fine  long 
rootfi  into  tlie  water,  aud  these  would  by  ablation  hn  dBfltroycd, 
and  then  the  plant  decays;  for  although  it  may  grow  long 
before  roota  arc  formed,  yet,  when  tJiey  art  produced,  Uieir 
dcfitniction  involvca  the  death  of  tho  plant.  In  order,  there- 
fore, to  preserve  Chara,  every  cai'c  muBt  be  taken  to  imitate 
the  Btillnc38  of  the  water,  by  never  sliaklog  or  suddenly  turn- 
ing the  vetusel.  It  is  alao  important  tlmt  the  Chara  Bliould  be 
disturbed  ba  little  as  poeable,  and,  if  requi^t«,  it  must  be  done 
in  the  m(Mt  gentle  manner,  as,  for  instance,  in  cutting  oil'  a 
8i>ecimcn,or  causing  it  todeaccnd  in  onlcrto  keep  the  summit 
of  tlie  plant  below  the  surface  of  the  water. 

"  Secondly.  Imitate  the  freshness  of  tlte  water,  by  havti^ 
an  extent  of  surface,  wlucli  it  is  requisite  to  akim  frequently, 
or  suffer  it  to  overflow  by  the  addition  of  more  water.  These 
prccuuiioiis  being  attended  to,  a  clear  bright  Hurfaee  is  kept. 
It  is  also  desiniblc  to  change  a  small  portion  of  the  water,  bnt 
this  should  be  di)ne  witliout  agitation.  The  best  resMsli  for 
cultivating  this  plant  in,  arc  either  wide  pans,  holding  tlirco 
or  four  gallouts  or  glass  jara  a  foot  or  more  high ;  into  tlieso 
tho  Chora  may  be  placed,  either  witli  clean  water  alone,  or  a 
little  earth  may  bo  sprinkled  over  it,  an  as  to  keep  it  at  tho 
bottom,  or  tlic  bottom  may  be  covered  one  inch  with  cloecly 
pressed  mouk),  in  onler  that  Uie  water  may  be  put  in  without 
disturbing  tt ;  on  this  lay  the  Chara,  with  a  httle  earth  over 
the  lower  ends,  to  fix  it.  Cauung  the  water  to  overflow  is 
the  readiest  way  to  skim  the  surface,  though  dipping  out  gently 
will  do ;  bnt  in  all  cases  of  pouring  in  water,  hold  something, 
stich  as  a  saucer  or  flat  piece  of  wood,  to  receive  tlie  pouring, 
and  make  it  spread  instead  of  allowing  it  to  descend  at  once  on 
the  surface.  Pans  in  the  open  air,  nearly  ftUI  of  water,  wtU 
be  kept  in  order  by  the  wind  and  rain,  only  taking  care  to 
supply  tlie  deficiency  (the  eftect  of  c^-aporation),  and  to  change 
some  of  the  water,  if  it  be  considered  necessary.  The  Tessela 
kept  in-doors  have  a  film  whicli  i^  always  forming  on  the  water, 
and  which  requires  to  be  frequently  removwL 
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"  Thirdly.  Imitate  the  equal  temperature  of  ita  native 
holes,  by  filiiking  the  pan  a  little  within  the  earth,  hut,  duriog 
frosty  weather,  keep  the  pan  in-doore,  and  at  the  lower  part  of 
the  house,  as  this  situation  ia  generally  the  most  uniform  in  it« 
temperature. 

"  The  Chara  will  live  in  any  temperature  above  freezing 
and  ^rows  quicker  as  the  warmth  incrcaaea,  but  above  the 
earth,  as  outride  of  a  first-floor  window,  it  n'ill  not  bear  tbo 
duly  difference  between  the  mid-day  sun  and  the  cold  of  ran- 
rising. 

"  The  glass  jars  I  keep  within  the  house,  as  neaHy  unifomj 
in  warmth  as  convenient 

"  Similar  care  is  requisite  for  Vallisneria,  but  the  warmcet 
and  most  equal  temperature  i»  better  suited  to  this  plant  It 
bltould  be  planted  in  the  middle  of  the  jar,  in  about  two  Inchct 
deep  of  mould,  which  has  been  closely  presaed ;  over  this, 
place  two  or  three  handsful  of  Icrtcs,  then  gently  fill  the  jar 
with  water.  AVhen  the  water  requires  to  be  changed,  a  Bmnll 
{wrtion  is  sufiicient  to  change  at  a  time.  It  appears  to  thrive 
in  proportion  to  the  frequency  of  the  clianging  of  the  water, 
taking  cAre  that  the  water  added  rather  increases  the  tempe- 
rature than  lowers  it 

"  The  natural  habitat  of  the  Frog-bit  is  on  the  surface  of 
poods  and  ditches;  in  the  autumn  its  seeds  fall,  and  become 
buried  in  the  mud  at  the  bottom  during  the  winter;  !n  ibe 
spring  thesti  plants  rise  to  tlie  surface,  pro<luce  flowers,  and 
grow  to  their  full  size  during  summer.  In  order  to  keep 
Lhem  for  microscopic  pnrj)Oses,  large  pans,  with  earth  nt  the 
bottom,  will  preserve  theiu  through  the  winter,  and  if  left 
out  of  doors  during  the  cold  months,  the  pans  shoold  be  atmk 
into  the  ground  to  presenc  the  buds  fr*>m  the  extreme  xxAd." 

Tlic  author  lias  found  the  following  a  very  convenient  way 
of  changing  the  water  in  the  Chara  and  Valliancria  jars,  viz., 
to  place  tlic  jar  occasionally  under  the  tap  of  a  water  tank,  and 
allow  a  very  gentle  stream  to  flow  into  it  for  scTcral  hour*: 
by  thi«  means,  all  the  impure  water  and  conferva  growing 
on  the  wdes  of  the  vessel  may  l>c  got  rid  of. 

f. — In    tin;   neiglilKnirhood   of  London,    the    Chara 
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vulgaris  may  be  found  abundantly  in  the  I«lc  of  DogB,  in 
ditches  near  the  bank  of  the  Thamea,  also  in  some  of  the 
pomb  on  the  Hippodrome,  at  Notting-hilL  The  Niteila  gTX>w& 
in  pondtt  at  Tottcridgc  and  llcndon,  whilst  the  H^droeharis 
occurs  in  almost  every  ditch,  and  may  be  known  by  its  Hat 
leaf,  aomewliat  like  that  of  a  large  spccicHof  duckweed,  6<>ating 
on  the  Hnrtacc  of  the  water.  ThaTradftcautia  and  P^datemony 
as  well  nd  the  groundsel,  arc  common  in  Hower  gardens,  but 
the  VallUnrria  is  princi|»Uy  cultivated  by  the  microecopist ; 
email  roots  of  this  plant  may,  however,  be  obtained  of  Mr. 
Topping,  and  of  some  nurver}'mcn. 


CHAPTER  XVU. 

MP.TH0D8  OP  PROCURING  ISFU80RT  AND  OTHEa 
ANIllALCULES. 

The  term  Infugnria  was  giTcn  by  the  older  microacopists  to 
beings  which,  previous  to  their  discovery  by  nwigntfying 
powers,  hud  been  concealed  frt)m  observation  by  the  minute- 
ness of  their  size.  They  were  first  detected  in  water  contain- 
ing vegetable  matter,  such  as  hay  and  gnuw  in  a  xtatc  of 
decomiKMition ;  it  was  then  supjKiscd  that  they  were  peculiar 
to  infusions  of  a  certain  kind,  hcnec  tlieir  name.  The  cele- 
brated Kbrcnbcrg,  who  has  devotcfl  himself  so  entirely  to 
their  structure  and  classification,  lias  divided  them  into  two 
orders,  Polygnttria  and  Rotiferu  ;  the  first  being  named  from 
their  linving  nuiny  stomachs,  and  the  last  from  their  being 
I>rovided  with  vibratile  organs  resembling  wheels.  Amongst 
the  most  remarkable  of  the  Polygastria  may  be  included 
tlie  following  genera,  viz.,  Monas,  Gonium,  Volvox,  Vibrio, 
Xavicula,  Stentor,  and  Vorticclla;  whilst  amongat  the  latter 
may  be  named  the  Floscularia,  Stcphanoccros,  Brachionus, 
and  Itotifer. 

LoenHtUs. — The  ordinary  forms  of  Infusoria  are  to  be  met 
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with  in  all  kinds  of  etagnuut  and  putrid  water,  whilst  the  or 
highly  orgaiiizud  arc  only  to  be  found  in  clear  poodj  id  - 
streama  where  they  attach  themselves  to  tbc  stema  iDd  uau 
flidefi  of  the  leuTcs  of  aquatic  plants,  or  even  to  small  tien 
of  wood  or  other  vegctii)le  matters  that  ure  either  fioaliie  ■ 
kept  beneath  the  Buiface  of  the  water.  Some  kxuk  0 
found  near  the  8urtVice»  others  in  the  mud  at  the  bottom.)!^ 
which  lucolitiea  aliould  be  carefully  searched. 

Apparatiu. — For  the  purpose  of  collecting  theac  Inteniat 
creatures,  the  following  nmpiti  apparatus  will  be  reqUMi 
ivL,  sone  clear  wide-mouthed  phiaU  or  tubes  capable  of  ^aB{ 
well  corked,  u  widkiiig-tftick  or  jointed  rod,  pn>vid(:d  wilit > 
ring  at  the  em)  for  holilinfr  the  phiak,  a  small  aquatic  mtcf 
mitalin  strained  upon  a  hoop  of  wire,  and  a  pocket  mTg*V*«- 
Kig.  252  repreaentfl  the  varioos  instruments  tliat  will  be  foo&i 

noccaaary ;  at  a  two  joints  of  a  fit^ 
ing^4^>d  of  cane  are  showo»  the  Mf 
joint,  for  convenience  of  pacbec, 
being  mode  to  slide  within  the  lowo 
one ;  to  the  upper  end,  A,  i«  scrciwd 
a  steel  ring  of  the  sha(>e  rcpreacoied 
by  %  for  tlie  piirpoee  of  holding  Ihc 
phial  as  seen  at  c;  into  Che  mm 
hiunllo  may  be  fitted  tlie  hoa^A 
having  a  bag  of  fine  muslin  attadid 
to  it ;  Uiifl  may  be  of  iJiu  sliaiw  llwn 
shown,  or  brought  to  a  fine  point. 
In  tlie  absence  of  this  apparatus  1 
stick,  as  exhibited  at  e,  having  a  q)Ii> 
at  one  end,  may  be  employed;  into 
this  the  neck  of  the  phial,  /;  is  to  Ite 
placed  and  kept  Bruily  fixed  by  wind- 
ing a  string  round  it,  as  shown  at  g. 
Mr.  Geoi^e  Shudbolt,  who  has  paid 
some  consiilcrable  attention  to  thiw 
matters,  has  lately  rceommeodcd  to 
the  author  the  foUowiiig  plan  <rf 
fig.  253.  securing  tlie  pliial  to  tlie  stick,  wlucli 
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Fig.  343. 


riU  be  found  worthy  of  a  tiiuL     A,  fig.  253,  is  n  piece  of 

brass  about  thrcc-elgliths-of- 
an-inch  »qunre,with  two  pro- 
jcctmg  pieces,  a  a,  tlu^ugh 
ij^  one  of  which  a  screw  with  a 
flat  head  works.     One  end 
of  the  brass  piece,  r ,  i*  cylin- 
drical, about  balf-oo-iuch  in 
diameter,  with  nfemalescrew, 
df  into  which  a  male  screw 
on  the  stick  is  made  to  work, 
rln  one  side  of  the  braas,  A,  two  Krcw-holcs,  e  e,  arc  made, 
in  order  to  attach  permanently  to  it  by  screws  the  spring,  B, 
having  two  holet*,  f  J\  in  it  for  the  purpoee.    The  plilal  being 
K  placed  in  the  loop,  <;,  and  the  spring  drawn  close  by  pulling 
the  end.  A,  between  the  cheeks,  a  a,  tlie  flat-headed  screw  is 
turned,  and  the  phial  firmly  held. 
■      Tlie  spring  may  be  made  of  steel,  or  of  moderately  thin 
whalebone,  which  can  be  used  in  preference,  as  it  will  not 
spoil  by  being  wetted,  and  for  the  same  reason  the  oilier  jMUt 
■may  be  made  of  hrase. 

Since,   however*    Mr.   Sbadbolt   obligingly  furnished   the 

•  author  with  the  above  description,  he  lias  mucli  slnipHftcd 
the  arrangement;  the  handle  employed  consists  of  two 
juints  of  a  fishtng-ro<l,  as  shown  at  a,  fig.  2.'>2 ;  but, 
instead  of  the  upper  fernde  being  provided  with  a  screw  to 
receive  the  ring,  b,  a  piece  of  bras?,  having  an  oblong  square 

thole,  o,  cut  in  it,  ie  fastened  into  tlie  ferrule,  ae  shonu  in 
fig.  254,  A  C ;  througli  tins  the  ends  of  a  strip  of  wludebone 
^  are  passed,  and,  according  to  the 

length  inserted,  the  loop,  r,  may 
be  made  larger  or  smaller  to  re- 
ceive the  neck  of  any  kind  of 
phial,  the  screw,  B,  8er\'ing  to 
keep  the  whalebone  firm,  so  that 
the  weight  of  water  in  the  phial 
may  not  draw  the  ends  out  of  the 
For  convenience  nf  iwickage,  the  whalclxme  i»  with- 
35 
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drawn  from  the  ferrule,  and,  when    made   strught,   U  slid 

witliin  the  hullow  tup^joiiit,  and  this  lost  pUccd  mtiiia  tbe 

liirgcr  joint ;  the  whole  may  then  be  used  ae  a  walking-*tick, 

the  screw,  B,  having  firat  been  pro[)crly  eccurad 

in  the  lower  end  of  the  large  joint. 

Mr.  Spencer,  of  Blackhejith,  has  commnni- 
catcd  to  the  author  a  plan  wluch  he  adnpts 
for  eeriiring  the  bottle  to  the  end  of  a  rod 
or  walking-etick.  He  takes  a  piece  of  guttA 
perr.ha  tubing,  about  five  or  m%  inclie«  in 
length,  and  cuta  it  In  such  a  manner,  bolb 
vertically  and  horizontally,  as  to  leave  one 
portion  of  the  tube,  about  an  inch  in  leiigtlii 
nntoticlied,  the  rut  end,  as  shown  in  fig.  255, 
being  pai<»ed  through  the  tubular  part  ao  as  to 
fomi  ft  loop.  This  loop  is  placed  round  (li6 
neck  (if  tlie  bottle  and  drawn  tight;  the  end 
of  the  wiiUdng-stiek  is  then  passed  into  the 
tube,  and  should  be  uf  sufficient  size  to  fill  it 
up  and  keep  the  end  of  the  loop  secure.  Tlus 
little  instnunent  is  moet  convenieBt;  it  does 
not  soil  or  become  soft  by  tlie  action  of  water, 
and  its  cost  ia  very  trifting. 

Mr.  John  Williams  has  rcoom- 
mcndcil  an  cTCceedingly  simple  modi- 
ficatiou  of  tlie  above  described  u|i(«- 
ratus  for  collecting  InfusoriiL  It 
con^ts  merely  of  a  strip  of  thin 
whalel>one,  a  quarter  nf  an  inch  wido 
and  about  eighteen  inches  long,  ukI 
three  brass  curtain  rings ;  th«  manner 
in  which  these  are  applied  will  be 
easily  uiidert<tood  by  rcfcrnDg  to 
figs.  '256  and  257,  the  one  repr^ 
senttng  the  application  to  a  walk- 
ing-etick,  the  otiicr  to  on  mnbrclU, 
The  loop«  «/.  and  A,  arc  for  tlie  re* 
ception  of  the  neck  of  the  phial. 


Fig.  255. 
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A  lin  box,  A,  fig.  252,  containing  six  or  twelve  short  glass 
tubcti^  pruvlded  eidier  with  plain  corkf,  or  with  corkfl  through 
which  fl  piece  of  gloea  tube  or  quill  has  been  pBMed  in  the 
manner  nhown  at  t!,  will  be  found  very  convenient  for  all  the 
smaller  kindB  of  iofu&oria. 

The  fit»hiug  tubea  have  already  l>eeu  dewnibed  nt  page  133 ; 
these  will  be  useful  for  separating  the  large  voracious  aniiuals 
from  the  mure  delicate  ones. 

Tltc  pocket  magnifier  may  be  of  cither  of  the  forms  shown 
by  fig8.  23  and  24,  or  the  Coddingtou  lena,  roprc.«entcd  by 
fig.  26,  when  the  iufuauria  are  very  minute.  Dr.  Arlliur  Forrc 
hie  lately  shown  the  author  a  convenient  form  of  lens,  which 
ho  finds  vcr^'  uscAd  for  most  of  the  marine  Poly[H.*tt:  thia 
oonaists  of  two  double-convex  Icnaos  of  difiercnt  focal  lengths, 
placed  in  a  setting  with  an  ebony  stop  between  them,  some- 
what in  shape  like  an  hour-glass.  Tliis  lens  performs  like  a 
doublet  or  Coddington,  and,  although  of  long  focus,  magnifies 
considerably. 

Alethod  of  Obtaining  Jnfttaojia, — In  order  to  be  succesaful 
in  the  capture  of  tliese  minute  creatures,  a  knowledge  of  their 
habits  muflt  be  first  acquired,  and  upon  this  matter,  as  well 
as  upon  die  method  of  cultivating  Clurn,  VuUient!ria,  &e., 
the  nnthor  is  indebted  to  Mr.  Vorley  for  many  valuable 
instructions. 

**  The  tendency  of  all  infusoria,**  says  Afr.  Varley,  In  a  letter 
to  tlie  author, "  is  towanls  the  light,  and  also  to  the  surface ;  a 
filmy  surface  will  hold  many.  On  arriving  at  a  pond,  it  will 
be  noticed  that  tlie  *  off  side,*  or  that  towards  which  the  wind 
is  blowing,  will  be  coated  with  H^um,  whilst  tlie '  near  side*  will 
be  bright;  these  udcs  will  difliT  materially  in  the  quantity  of 
animalcules  they  may  contain,  the  bright  side  being  ofVen 
without  any ;  if  the  wind  blows  towards  the  sunny  side,  that 
side  will  be  especially  prolific.  Shallow  parts  l>etng  warmer 
than  deep,  will  also  yield  a  more  abundant  supply." 

"  The  rod  with  the  phial  attached,  as  shown  in  fig.  2o2,  is 

to  be  carried  into  the  water  in  sucli  a  manner  that  the  phial 

may  be  kept  in  an  invertetl  position,  and  when  arrived  at  the 

proper  depth  the  rod  is  to  be  turned,  and  the  mouth  of  the 
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]>h)al  will  then  he  in  Hw  position  to  receive  the  water,  which 
will  run  iu  rapidly  and  carry  both  Auiumlculcs  and  wc«d» 
with  it.  The  contents  of  the  j^ial  inaj  be  either  riewetl 
witli  a  pocket  k-n^  or  poiirc<l  into  anotlior  phial  and  then 
cxiuuiac<l ;  if  uny  animalculed  be  present,  and  worth  keeping 
they  luay  be  corked  up  for  further  intti>Gction.  X>ipe  skoidd 
be  made  both  among  oonfcrvn!  and  duck-weed,  and  portions  of 
the  weed  allowed  to  enter  the  pliial;  a  dip  also  among  rushea 
is  frequently  very  rich ;  tlie  phial  should  be  shaken  about  as 
it  i»  being  tunictl  up  tu  receive  the  water.  If  llic  phial  bc  a 
very  wide-nioiitlied  one,  a  mddcn  dip  aniongbt  lai^  weeds 
will  afford  very  many  s[>ccics;  tliese,  afU:r  examination,  may 
be  placed  in  emallcv  phinb,  and  c»rkui]  up  for  further  infi|icc- 
tiun  at  home.  W  any  larvx  or  other  voracious  kindd  are 
present,  they  should  be  removed  with  one  of  the  fidung-tubea^ 
otbcrwiise  they  will  destroy  nearly  all  that  come  in  their  wav 
before  the  coUecLor  reaches  borne.  For  all  the  larger  s|K:c>uK.'m>v 
Buch  as  the  Monoculus  and  Cyelojis,  t-he  net  shown  at  J  in 
fig.  252  will  be  required;  if  this  bc  dipped  vcrj-  suddcalr 
under  weeda  and  l>e  as  suddenly  lifted  up,  they  will  bc  caught; 
by  holding  the  bottom  of  the  net  in  the  water,  and  the  ring 
out,  all  weeds  that  are  in  the  way  may  be  removed,  and  the 
produce  then  poured  into  a  phiid  with  a  email  quantity  uf 
water,  aud  the  voracious  ones  taken  out  by  the  Hshing-tnbea 
in  the  manner  before  described.  If  the  AVutcr-ficas  utid 
Daphnlni  be  very  abundant,  they  may  be  jjot  rid  of  in  the 
following  maaner: — Xs  soon  as  they  ore  placed  in  the  phial 
they  go  very  quickly  to  the  bottom ;  if,  therefore,  the  upper 
water  bc  poured  into  anotlier  phial,  the  bottom  contuning 
them  way  be  thrown  awuy ;  if,  altfn,  tlie  phial  bc  •faokeo 
about  in  the  water  before  it  bo  turned  over  to  be  filled,  tlicj 
will  generally  have  darted  away.  Small  newts,  aud  monjr 
larva!,  should  be  taken  great  care  o\\  the  fonncr  eepoclaUy, 
aSf  when  young,  their  bronchia:  arc  present;  in  tlies«  aod 
■  ''  ''>  «.t  the  otn'idiitiuu  of  the  h\v*A  it*  modt  beautifully 
lb-  V  will  aim)  bi  iouitd  uf  iifm^'nliul  mcr^icc  for  (viting  up 

Monoculi,  and  tlie  various  larva;  tlut  dcstnij 
IbU  of  vurticclhe.    Tlic  inverted  jkliial  abouU 
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be  carrio<l  to  tho  hottom  of  shallow  poitdd.  And,  whtUt  Uid 
liorizonlally,  ihc  siirfiicc  of  tlie  inuil  should  be  scraped;  the 
pliiiiU  when  iiuite  lull,  may  be  corked  to  prevent  uluiking;  at 
home  the  mud  may  be  put  into  u  Inrge  jar,  and  filled  up  with 
wntrr,  in  a  day  or  two  the  animalcules  will  have  come  to  the 
surtiioc  of  the  i»ubaldcd  mud,  frum  which  llicy  may  he  taken 
away  ijulte  clean  hy  means  of  a  fishing-tube,  ^\'hl.•n  water 
has  quite  lell  a  [H>ml.  a  biix  or  phial  full  of  the  Kurface  mud 
should  he  taken  home  and  treated  in  ihe  Mime  way  as  the 
more  li^iuid  kiitd  above  described.  In  onler  to  preserve  the 
infusoria  and  other  lar^e  ainnialculos  at  hunie,  the  conditions 
under  which  thoy  linvc  been  found  should,  in  all  eases,  be 
eh>j*i'Iy  imitated.  Sm:h  plants  an  will  live  in  water  without 
much  mould  and  not  ^pceilily  dc-cay  should  Ik:  seleete<l,  these 
will  nil  tend  to  ktfcp  the  water  healthy  fur  the  animalculeis  nnil 
also  SiTvc  as  food  tor  them ;  the  plan  adopted  for  preservini^ 
the  pliwts  should  be  the  same  ob  tliat  alreaity  atlmlcd  to  in 
page  380,  the  larva*  of  the  Kjthemcra  and  ^mall  snails  being 
employed  to  free  them  from  cnnfcr^"iP,  which  will  be  fouinl  to 
interfere  with  tlie  puwtli  of  must  aquatic  plmits." 

^Irlhixl  of  Obtttinhi^  and  of  Knyjitit/  Hifdrax. — (.)uc  of  the 
most  extroonlinary  aquatic  animals  that  the  mieroscopist  la 
likely  to  procure  in  his  searchings  in  pools  and  ditcheev  is  that 
known  as  tlie  Hydro,  or  frcsli-water  Polype;  it  ap[>cars  to 
liare  lieen  first  noticed  by  Leeuwenhuck,  in  1703,  hut  it  wus 
reserved  lor  the  inquiring'  genius  of  XL  Trcmhiey,  then 
residing  at  the  llngucj  in  I73U,  to  discover  its  wonderful 
powers  of  reproduction.  In  Enj^land  there  arc  as  many  as 
four  or  five  vanetics,  one  of  them  is  of  a  delicate  green 
colour,  whilst  the  others  are  more  or  less  yellow  or  browti ; 
each,  when  tn  an  e.^piuidcl  st-itc,  consists  of  a  lung  senii- 
tmnsimrent  tubular  hudy,  from  one  end  of  which  protrude 
several  lon«  dcHcatc  arms  or  tentncula,  varying  in  number 
in  the  dillerent  siMreies,  six  or  twelve  generally  being  tin?  two 
extremes.  Within  iheM*  arms  \a  a  mnutli  ca|ialile  of  hving 
dilatinl,  so  OS  lu  reccivu  aniiuals  nearly  as  large  Id  size 
)U!  the  Polyjio  itself.  In  the  contmrteil  sUite.  tlie  luitnuil 
appears  like  a  small  i-uund  Imll,  the  arms  being  drawn  in  ao 
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&r  tltst  they  only  wwmMf  nail  paptUse.     M.  Trenbley 


thongfat  they  were  Tcry  i 


to  TC^eteblea,  amd,  to  eatiify 


hiinself  upon  this  poant,  be  cat  serenl  of  them  in  t»cc«^ 
when,  to  hie  grcmt  —Irniinhnif  nl,  he  fouod  that  each  cut  portioa 
became  ■  perfect  amaML  Some  of  dieae  Polypea  having  been 
•ent  to  En^and,  the  experimeat*  of  M.  Tremfaley  won  triad 
with  eatire  ancccsi  by  many  of  the  IcAnied,  but  nore  e^»ecaaBy 
by  Mr.  Henry  Baker,  who  pablii>hcd  a  book  on  the  mbjrct 
in  1743,  which  will  well  repay  an  attendre  pcnnaL  The 
Uydne  an:  generally  found  iu  ponda  and  riTtdeta,  adbefing 
either  to  portions  of  weed  or  eticka ;  they  may  be  readily  aeen 
by  ifae  naked  eye  when  placed  in  a  clear  glass  jar.  In  onler 
to  take  them  home  safely,  they  ehonM  be  pot  into  cSean  phtali^ 
with  a  small  portioa  of  0omo  aquatic  plant,  and  the  phial  filled 
with  water ;  it  should  be  carefully  corked,  both  to  preTent 
the  water  from  being  ejiilt  and  the  Hydne  from  being  injnfed. 
At  home  they  should  be  kept  in  tolerably  large  ^ass  jan,  ia 
clear  river  water,  with  n  small  plant  growing  in  it ;  being  very 
voracious,  tlicy  will  require  to  be  oilcu  fed,  the  best  animala 
to  give  them  are  the  small  red-blooded  worms  (Kaiides)  tbat 
are  eo  conunun  un  the  hanks  of  the  lliaraea,  to  the  mud  of 
which  they  im])art  a  red  colour,  these  should  be  well  washed 
in  clean  water  l)cr<irc  the  Polypes  are  fed  with  them,  and 
the  Polypes  theiusolves  placed  in  pure  water  after  every 
meal;  the  common  water-fleas,  in  the  absence  of  Naadee» 
will  also  Bcn-c  them  as  wbole«ome  food.  The  mode  of  gene- 
ration of  Polyjies  ii!  by  gemrnation  or  budding,  and  takes  place 
Tcry  rapidly,  us  many  o^  four  or  five  young  ones  in  a  wvck 
having  l>ecn  known  to  be  produced ;  as  eoon  as  a  young  au^ 
is  provided  with  arms,  it  will  devour  the  worms  with  as  much 
cagemcs  as  the  older  ones.  When  placed  in  great  numbers 
in  one  phiiJ,  they  du  not  thrive  so  well  as  wheu  they  are  in 
small  qtumtities,  hence  tliey  should  be  oceasionaOy  moved 
from  one  jar  to  another;  tlii-t  may  be  readily  managed  by  the 
cud  of  a  quill,  or  a  fine  camel Vbair  pencil,  lliey  ore  bot 
cximitneil  cither  in  one  of  the  troughs  shown  by  figs.  95-1,  or 
in  a  Ui^e  auuualcule  cage,  and  can  be  easily  divi<l(?d  by  a  pair 
^f  ifanrnMOitod  aaBaon,  like  those  exhibtteil  at  B  in  fig.  227. 
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Thoite  who  would  wish  to  know  the  reeulu  of  the  various 
ojicmtiuuij,  should  consult  the  excellent  workii  of  ilbL  Trcmbley 
sod  JMr.  Baker,  which  will  give  them  full  particular?.* 

D^sim'tiira. — Another  most  interesting  class  of  objects  for 
the  niicrodco[>c,  but  now  generally  considered  oh  belonging  to 
the  TPgctable  kingtloro,  are  the  Desmidicw,  a  tribe  of  lowly 
organized  plants,  rcnuirkabic  for  the  elegance  of  their  form 
and  for  being  found  exclusively  in  fre«h  water.  They  have 
latcl)'  been  clatu«ified  and  arranged  by  Mr.  Holt's  tn  an  admi- 
rable work  on  the  dubjeot,  wliich  should  be  iu  the  posacseiou  of 
«veiy  micrtJHcopidt.  As  the  mode  of  collecting  them  difiere 
somewhat  from  that  of  the  Infu*3riu,  the  author  has  thought 
proper  to  borrow  Mr.  Kalfs'  dcj*criptiori : — 

"  Aa  llic  Dcsmidiesc  are  unattached  and  very  minute,  tliey 
are  nircly  gatliered  iu  stifimw;  neverthclcsa,  intorcKting 
9pccica  may  occamonally  be  obtained  where  tlic  current  U  au 
sluggitJi  as  to  permit  the  tliin  retaining  mucus  to  dude  its 
force^  In  small  sliallow  pools,  that  do  not  dry  up  in  summer, 
they  are  most  abundant;  hence  pools  in  boggy  places  are 
generally  productive.  'Jlie  De^nitdion!  prefer  an  u|>en  country. 
They  abound  on  moors  and  in  cx|K>Bed  places,  but  arc  rarely 
found  in  lUiady  woodd  or  io  deep  ditches.  To  search  for  them 
in  turbid  waters  is  useless;  such  situationB  ore  tlio  Itaunts  oi* 
animnlts  not  the  habitats  of  the  Dcsmidieie,  and  the  waters  in 
which  the  latter  are  present  arc  always  clear  to  tlie  very 
bottom.  In  the  water,  the  lilamentous  spmncHi  resemble  the 
Zygnemata,  but  their  green  colour  is  generally  paler  and 
more  ojioque.  They  often  occur  in  considerable  quantity, 
aud,  notwitlistandiug  their  fragility,  can  generally  be  rcmuved 
by  the  hand  in  the  usual  manner.  ^Vhen  they  are  much 
diffused  iu  the  water,  1  take  a  piece  of  linen,  about  the  sijeo 
of  a  pocket-handkerchief,  lay  it  on  tho  ground  in  tlie  form 
of  a  bag,  and  then,  by  the  aid  of  a  tin  box,  scoop  up  tlie  water 
and  strain  it  through  the  bag,  repeating  the  procem  as  often 

*  3ffm/tire* /tour  itfrpira  ri/i»toire  /fun  (irnrr-  lUi  PiUt/ptitT Eaudotu*. 
Tor  A.  Trvtublt-v,  Av  U  SiK-icU'  RuvnU'.  A  I^^iilc,  1784.— ^u  Attrmpt 
lotntrdM  thir   SatUTol  UUior^  of  tkt  Potjfpf.     By   Henry  Bokcr,  F.R.8. 
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gently  an<l  a  portion  only  of  the  wntcr  expclleJt  the  remaiiulf  r 
beii^  poured  into  thr  bottle,  nml  the  process  i-cpcatcd  att  oflen 
a«  neociwary.  Sitomngia  arc  euUcctod  raorc  frefiut-nlly  by  the 
but  tlum  the  preceding  mctbodB.  When  carried  home,  the 
U  bottles  will  apparently  contain  only  fotil  water;  but  U*  it 
I  rtnuiin  un(]i^ttirl>ed  fV>r  a  few  hours,  the  I)e»midiea)  wDl  sink 
:  to  thf  bottom,  and  mo«t  of  the  water  may  then  be  poured  off. 
I  If  a  little  fresh  water  be  added  occaaionally  to  replace  what 
has  been  drawn  off,  and  the  bottle  be  cxjiosjeJ  to  tlic  light  of 
_    the  sun,  tiie  Ucsmidiex  will  remain  uiialtoreil  for  a  long  time. 

■  I  have  now  before  me  some  epccimens  of  Eitasfntm  imii/ne, 
tlic  frondn  of  which  are  in  as  good  condition  aa  when  I  gathered 

_  thcni  at  DolgcUy  6vc  montiia  ago." 

P  Localities/or  Infusoria, — ^Vll  the  euudlcr  kinds  are  found  in 
vegetable  inftwions,  or  in  Huids  where  either  vegetable  or 
animal  matter  id  decomposing,  but  liie  larger  are  only 
to  be  met  with  in  clear  pools  and  stroamis  where  they  are 
cither  found  swimming  about,  or  elae  congregated  around,  or 
attached  to  the  under  surfaces  of  the  loaves  or  to  the  stems 
of  aquatic  plants.  The  onlinar)'  ditches  and  ponds  in  the 
neighbuurhuod  of  the  metropolis  will  yield  tlio  more  common 
forms,  but  there  nre  certain  localities  in  which  some  of  the 
mure  highly  organt^^d  can  only  Ik  collected.      A  pond  near 

■  **  Jack  Straw's  Ca«lle,'*  on  Hampstead  ITeath,  is  very  famous 
for  the  Volvox  globator,  the  Arborescent  Vorticella,  and  for 
many  species  of  Rotifer.     .Vccoiiiing  to  Dr.  Mantell,'  in  a 

I  lake  behind  Grove  liotue,  on  Clapham  Common,  in  which  the 
white  water-lily  grows,  the  ^jtlenOiil  Ste|'hanoccro»,  or  crownetl 
animalcule,  wiu>  found  by  Mr.  llumlin  Lee;  it  hits  uiucc  been 
met  with  in  oilier  pomls,  but  most  abundantly  in  that  called 
the  Wach  Sea,  on  Wandsworth  Common,  near  the  railway 
station.  A  small  pond  in  the  garden  of  Mr.  B.  Edwards,  in 
Sboroditch,  has  been  long  noted  as  having  supplied  micro- 
scopists,  at  one  time  or  other,  with  almoet  every  variety  of 
the  more  highly  organized  Infusoria. 

The  .\lcyonelIa,  and  wjveral  species  of  fresh  water  8|H)nge, 

*  nnnghtM  iTH  ^Hifiici/ni^v,  hy  G.  A.  MoiitcU,  E«q.,  LL.D..  LouUon. 
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are  to  be  met  wltli  in  the  Comincrcud  Docks.  Tbe 
(wnileud  lifts  been  found  abun<]nntly  by  the  nuthor  in  dhdut 
which  commuuimte  with  a  Mitall  stream  io  the  I^le  of  Dogs 
close  to  tltc  timber  dock  that  opens  into  the  West  IikSi 
Bouth  Dock.  The  Daphntic  are  very  abundant  in  tlic  5um> 
mer  months  in  the  dock  waters,  to  the  eurlace  of  which,  in 
the  evening,  they  communicate  a  red  colour,  known  to  tbd 
common  people  as  spaicn.  The  Branchipna  stagnnlia,  a  faij^r 
■Dtt;re»tii)g  criiatoecaD^  is  found  in  smidl  pools  of  8of^  n'ater  oo 
Blackhcath :  care  must  be  taken  in  managing  it,  as  it  rarely 
Uvea  more  than  a  day  or  two.  In  the  mud  of  many  poods 
may  be  obtained  very  intercf*ting  forma  of  Na\'icula  and 
Diutumea ;  in  the  mud  uf  the  Thimiee,  at  various  localitiei^ 
such  as  Lambeth,  Woolwich,  Tilbury,  and  Greenhithe,  hive 
been  discovered  Ximthldiii,  and  a  very  beautiful  geuiis  tenncd 
Triceratium.  in  the  mud  of  the  Humber,  near  Llull,  have  ^j 
been  found  two  beautiful  species  of  Xavicula,  termed  hippo-  ^M 
campus  and  nngulatn,  the  former  being  an  excellent  test  of  ^* 
a  quarter-of-an-inch  object  ghuw,  the  latter  of  an  eighth  or  ^J 
twelfth ;  both  these  will  be  t^liown  highly  magnified  with  the  ^M 
other  test  objects  at  the  end  of  tliis  work.  In  the  wliitc  pearly 
matter  often  neon  in  jieat  bog»,  and  in  tlio  neighbourhood  of 
ewampy  pools,  will  be  found  an  abunduuce  of  loricse  or  shcUa 
of  Infusoria;  the  most  favourite  localitie-s  being  the  bogs  of 
Ireland,  Scotland,  and  Yorkshire.  The  sea  shore  and  marine 
plantri  yield  a  variety  of  beautiful  forms ;  the  guano,  from 
diUcrent  parts  of  the  world  (as  will  be  i^ain  noticed),  the 
Btoinaclis  of  oysters,  scallops,  and  other  AIollusco,  all  abound 
in  some  of  the  most  elegant  species  of  a  genua  named  Coe- 
cinodiacufl,  these  being  often  associated  with  others  in  a 
£[w«Uzcd  state. 

T/u  LocttJity  of  the  fVheel  Animalcule. — Microscopists,  from 
the  time  of  Baker,  have  nearly  all  stated  that  the  wheel 
animaltTulo  Ij*  to  be  found  in  n  reddish  kind  of  slime  dcpoaited 
fi'om  water  that  had  been  stantling  in  Icrnlen  gutters,  or  even 
in  the  dust  that  remains  after  all  the  water  has  been  dried  up, 
which,  when  again  moistt-nod,  will  seldom  (ail  to  exhibit  them. 
C'apU  Ford,  after  having  sought  in  voId  to  procure  them  from 
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the  localitica  above  described,  tried  seTerol  other  plans  tor  tlic 
puqioge;  but  the  following  lie  rcconimenda  ad  tlie  best:' — 
"  Eai"Iy  in  the  spring  be  fiUs  a  three-gallon  jug  with  pure 
niu-water  (uot  butt-water,  becauiie  it  coutaiua  the  tanfo  ot* 
giwtd)>  iVoni  tbid  he  takes  a  Buffident  qunmity*  ne&rly  to 
fill  a  hab'-piut  jug,  be  then  ties  up  a  euuill  portion  of  bay 
OiT  green  sage  leaves  into  a  bundle,  and  places  the  «ime 
In  tlic  mug;  about  every  ten  days  he  removes  all  the 
decayed  portions  with  a  piece  of  wire,  and  substitutes  a 
frcah  supply ;  a  little  of  the  de[)Osit  scraped  from  the  side 
of  the  mug  near  the  eurfacei  when  placed  under  tlie  micro- 
scope, will  be  certain  to  exhibit  them.  As  tlic  water  evapo- 
rates from  the  mug,  the  excess  of  rain-water  in  the  large  vessel 
will  supply  tlic  dcliciency.  The  sage  leaves  were  found 
to  produce  the  latest  numbers.  The  same  mug,"  Capt  Ford 
al&o  statL'S,  "  for  the  seven  years  prccciUng  tlic  date  of  his  note 
(in  1H41),  had  never  failtnl  to  yield  an  abundance,"  If  the 
aninmlculcs  be  kept  in  glass  bottles,  they  should  not  be 
cx[K)scd  to  a  direct  light;  in  a  room  tliey  may  be  placed  in  a 
dark  comer,  or  ujion  a  table  between  two  windows,  so  long  as 
the  light  that  is  allowed  to  fall  on  them  is  diffuaed ;  they  will 
then  thrive  very  rapidly. 

Mrthoil  of  Feeding  Infusoria  with  Carmhte, — In  order  to 
display  the  currents  made  by  tJie  cilia  of  these  minute  animals, 
as  well  as  to  exhibit  the  form  of  tlie  digestive  system,  a  certain 
amount  uf  colouring  matter  introduced  into  the  water  con- 
taining tlicni  will  render  both  more  evident,  lliis  plan  was 
first  employed  by  M.  Trembley,  without  any  important 
rceultf  but  Khrenberg  followed  it  up  more  carefully,  and  was 
led  to  the  discovery  of  the  internal  structure  of  those  infusoria 
which  he  subsequently  termed  PolygastnL 

The  method  of  proceeding  is  to  rub  some  pure  sap-green, 
indigo,  or  conuiue  upon  a  palette  ur  a  plate  ofghuts,  and  a4ld 
to  this  a  few  drops  of  water ;  if  the  glass  be  now  held  on  one 
^de,  a  |)urtion  of  the  water  containing  a  certain  amount  of  the 
colouring  matter  may  be  dropped  upon  the  tablet  of  an 
animalcule  cage,  or  into  the  water  in  whicJi  the  animaloules 
*  MieratntpictU  Journal^  Viil.  i.,  p.  M. 


are  contained ;  if  they  he  vortioellic  or  ratifcne,  the  putidM 
colounn^  matter  will  show  the  vibratilc  actions  of  tire  citk, 
whibt  utlier   pnrticlcs,  when  swallowed    by  the  uumacalo!, 
will  give  a  rich   tint  to  the  variouii  com|Mirtinenta  of 
nlimeotaiy  canal.     Il*  the  animalcule  cage   be  a  large  one, 
very  Enuill  quantity  oi*  tl»e  canmne  may  be  rubbed  upon 
part  of  the  tablet,  and  lite  water  containing  the  BuimaicnlM 
l>eing  placed  upuu  it  may  be  mixed  up  witb  the  carmine  b 
the  usual  manner.    Of  the  three  colours*,  the  sap-green  will  \» 
mufit  eaully  Hwalluwcd  hy  the  in^ectd,  altbou^h   the  carmiot 
6how8  beet  in  tlic  watcr^  whilst  the  iodigo  is  not  au  eaflly 
nianogeil  :w  thi;  other   two.      The  colours    when    cmployrd 
ahould  he  of  the  purest  kind^  olherwiK  tlto  aniiualculei  will 
not  caidly  awallow  them,  or,  if  swallowed,  the  death  o(  tlie 
creature  will  spcodtly  rcstUt. 
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FOSfilL  INTU&OBtA. 

An  endless  variety  uf  Infusoria  are  met  with  in  the 
Btute,  the  ailiceous  (»keletons  of  which  liavc  beconae  aggregate 
togutlier  in  such  immense  masses,   that  not    only   are 
tnictd  of  country  and  chuns  of  mountains  farmed  of  tbi 
but    even   strata,   several    yards   in    thickness,    upon    wl 
cities  are  built.    Aniongst  the  firat  discovered  of  tlic  infiiaoriat ; 
strata  were  the  polishing  slates  of  Bilin  and  Tripoli,  then  tltc 
Berg-mehl  or  jVIount^iin  meiil,  of  whii'h  almost  tlic  entire  nuui 
Is  comiKffiCtl  of  the  siliceous  skeletons  of  different  species 
Navicula  and  Itacillaria.     In  more  modem  times,  the  Antci 
can  Continent  has,  through  the  researches  of  Professor  Hogrr^^ 
fiunishcd  rcmarkiible  examples  of  infusorial  t>and-Btonc;    one' 
of  these,  at  Kichmond,  in  \1rginia,  is  many  milea  in  longlht 
tinil,  in  some  places,  as  much  as  fifteen  feet  in  thickness.    The 
great  moss  uf  clinlk,  iis  seen  in  tlic  cliOs  and  rocks  of  dur  eoafla, 
is  made  up  princi[>ully  of  minute  foraniinifcrous  shells;   the 
flints  obo,  which  arc  so  abundant  in  the  chalk,  are  now  geue- 
rally  considered  to  be  composint  of  animal   rumains,  and  in 
them  mny  he  found  ti^h  scales,  bones,  spicula  ot*  spongce^ 
Xanthidia,  shells    of    varioUH    kinds,   and    numcroos    biiuUI 
Zoophytes. 


METHOD  OF  rREPARING   FOSSIL  INFI'SOEIA. 


One  remarkable  (net,  in  connection  'n'ith  fo«ml  Infiuoria,  b 
that  nio«t  of  the  forms  may  be  still  found  in  the  recent  state. 
The  beautiful  euginc-turned  dieca  (Coeuinodisci),  bo  abrnKlant 
in  the  Richmond  earth,  may  be  met  with  in  our  own  eeas,  also 
in  groat  profusion  in  llie  dc'itoaitd  of  Guano  on  tlie  African 
and  American  rooAts,  and  even  in  the  stomachs  of  the  oyster, 
ecollop,  and  other  molluscous  animals  so  common  on  all  our 
KhorcB. 

Method  (if  Prrparinff  Fossil  Infusoria. — A  great  number  of 
the  infiisonal  earths  may  l>e  moimtetl  up  as  objects  without 
any  previous  wosliing  or  otlicr  prepanilion,  by  tlie  method 
described  at  page  309»  but  some,  such  aa  chalk,  roust  bo 
rc|>cittedly  waslicd  to  dL-privc  tlic  infusoria  of  all  impurities ; 
wliilst  others,  and  these  by  far  the  most  numerous,  require 
cither  to  be  digested  for  a  lung  time,  or  even  boiled  in  strong 
nitric  or  hydrochloric  acids  for  the  same  purpose.  Suppftaing 
tlie  eartli  about  to  be  prepared  be  some  of  that  from  itichmond, 
in  America,  a  small  portion  having  been  placed  in  a  teat 
tuln;  (or  other  convenient  vcstfcl  capable  of  bearing  the  heiit 
of  u  hunp/,  enough  diluted  hydrochloric  acid  i^  to  be  poured 
upon  it  to  fill  about  half  the  tul)c,  brisk  cAcr^cscence  will 
now  take  place,  which  may  be  assisted  by  the  application  of  k 
small  amount  of  heat,  either  from  a  sand-bath  or  from  n  lamp  ; 
us  soon  as  the  action  of  the  acid  has  ceased,  another  supply 
may  be  addctl,  and  the  same  continued  until  no  furtlier  eflcct 
is  produced  j  strong  nitric  acid  should  now  be  substituted  for 
the  hydrociiloric,  when  a  further  efTcrvesccnfC  will  take  place, 
which  also  may  be  greatly  aiiled  by  heat;  after  two  or  three 
frcdli  supplies  of  this  acid,  distilled  water  oliould  be  employed  to 
dilute  the  reniuius  of  tlic  acid  in  tlte  tube,  and  this  repented 
until  the  water  comes  away  perfectly  clear  ruid  without  any 
trace  of  acidity;  the  residue  of  the  earth,  whicJi  consists  of 
silicu,  will  contain  all  the  infusorial  forms,  some  of  tlus 
may  be  taken  up  by  a  fishing-tulK>,  laid  on  a  slide,  and  ex- 
amined in  the  usual  way ;  should  [lerfeet  specimens  be  present, 
lliey  may  be  mounted  in  Canada  balsam  in  the  manner 
dtvcribeil  in  |Kige  309 ;  il*  not,  tho  slide  may  be  wiped  clean, 
and  another  iK>rtion  of  the  sediment  token,  and  dealt  with  in 
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CLASSIFICATION  OF  THE  MOST  IMPOBTAKT  lUCKOflCOPICAL 

O&JKCTS. 

Fon  the  ad\'antagc  of  tlioee  who  are  reeiduut  in  the  country, 
as  well  as  for  those  who  may  bo  desirous  of  investigating  any 
of  the  various  branches  of  uatunU  liistor}*,  whether  for  amuse- 
ment or  otherwise^  it  has  been  deemed  fldvisablc  to  diWde 
vegetable  and  animal  stniclurea  into  diflerciit  classes.  Mr. 
Topping,  of  'So.  4,  Xew  Winchester  Street,  Pentonville 
Hill,  one  of  our  most  ingenious  prc|>aren»  of  microscopic 
objects — Mr.  Darker,  of  Xa  9,  Paradise  Street,  Tjombeth — 
Mr.  J.  T.  Norman,  of  Xo.  10,  Pountuin  Place,  City  Road — 
Mr.  J.  W.  Bond,  of  Na  1,  Kmma  Street,  j'Vnn's  Place, 
llackney  Kood — and  Mr.  C.  H.  Poulton,  of  Soutlicm  Hill, 
Reading— have  obligingly  funiiBhed  the  author  with  lists  of 
tlie  most  important  specimens  of  tlie  various  classes  which 
tlicy  aro  in  the  habit  of  supplying  to  their  customers;  from 
tliesc  08  well  na  from  one  which  has  been  derived  from 
a  voricty  of  other  sources,  including  the  autlior'a  own 
experience,  tlie  following  collection  of  the  most  interesting 
subjects  for  examination  has  been  drawn  up.  Those  who  nuy 
require  a  more  extendul  list,  may  consult  a  work  publislied  in 
1847,  entitled  Microscopic  OhjeciSt  also  A  List  of  Ttro 
T%omand  Aficnutropic  Olfji-rls^  by  A.  Pritchanl,  London, 
1835.  A  full  description  of  the  vegetable  and  animal  tissues 
is  also  given  in  the  Histolc^ical  Catalogue,  publirtlicfl  by  the 
Royal  College  of  Surgeons,  one  volume  of  which  is  now 
ready.  As  the  structure  of  vegetables  is  more  easily  made 
out  than  that  of  auiuiab,  and  much  leas  dissection  and 
preparation  required  in  the  former  tlian  Jn  the  latter,  the 
author  has  thought  it  proper  to  commence  the  classification 
with  a  few  of  the  most  characteristic  objects  that  can  he 
procured  from  the  vegetable  kingdom,  as  illustrationB  of  struc- 
tural botany. 
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TEGETAJU^  Tld8UE& 

Preparatiom  of  vegctMe  tSamefl  mre  priticipaUy  obtauwd 
either  hy  tearing,  by  makmg  eectiona,  br  naceratiao,  cr  by 
dUsectioD,  whilst  others  can  be  examined  in  the  natarBl  itetB. 

Cuticle*. — The  cuticle  of  the  stem,  flower,  or  leftvea,  nuiy  be 
removed  iu  the  manner  described  at  page  3o3,  by  taking  a 
onall  portion  between  the  blade  of  the  knife  and  the  tfaomb, 
and  tearing  it  away  in  the  direction  in  whach  the  Ecpaimtioo 
is  roo^t  ean]y  effected.  Cuticles  diould  be  mounted  citbcr 
dry  or  in  fluid;  when  niac}i  colouring  matter  is  present,  the 
former  method,  or  that  in  balsam,  should  be  adopted.  A  few 
of  the  moat  iUustraUTe  specimens  may  be  obtained  finom  the 
following  plants: — 


Anw  AmericaiUi, 

Aoinllii, 

Deutna, 


Genuuum, 
Nepenihat, 
Oleander, 


OadaHnMi 
Opantii  Tulgarii, 
IVUigooiuia. 


SiUcroHt  Cttticln. — These,  obtained  Irom  the  following  stems 
and  parts  of  grosses  in  the  manner  before  described  at  page  335. 
by  the  action  of  acid,  will  exhibit  the  Iwautifid  anmngememt  of 
ulica  60  constant  in  tliis  tribe  of  plants,  which  fcniu 
^lendid  an  object  for  polarized  light : — 

Eqmctom,  Oat«  Malaeca-caae, 

Wbeat-aUaw,  Caiuny-ttraw,  UaniDa-cuM!, 

WbcMt,  C«ll«7-al■^•d,  Dr^Qw  nwa, 

Borivy-slniw,  Bioe-biuk,  Wu^lu»-caae, 

BaHuy,  Bye^traw,  Bamboo'cmae, 

Oat-ftrsw,  By«t  lUttaa-eaue. 

With  tho  above  list  may  be  included  the  following  one^ 
vrhicli  consists  of  the  haim  from  the  leaves  of  <*erl:un  planta ; 
these,  like  the  cuticles  above  described,  are  pruridcd  with  a 
protecting  coat  of  silica : — 

Deutzia,  Durio  EUragntu,  Olive. 

llair*. — These  are  found  priucipally  upon  the  under  vurfacea 
of  leaves,  upon  steiuN  or  ujwn  wmc  port  of  the  Bower;  they 
■re  gooerally  viewed  aa  opaque  objrc-li* ;  some  of  the  larger 
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kinds  nuy  be  detachnd  and  tlien  mounted  either  tn  fluid  ur  in 
Cnmuia  baUauu  The  following  Itdt  will  exhibit  a  few  4tf  the 
inoHt  intcreetiDZ  varieties : — 


Ariititliwltum, 
Alttufa, 

AnrliusH  liiictorU, 
uujputilulia. 


BoragD  otfidnalii, 
Deotzu  acabra, 
Dolk-Iuit)  pmrtens, 
Dunbmia, 


Hurio  ecImmIuhus, 
KliMj^ur>  aiiguoUfblilu 

NtrjM'ntln;*, 
Verbiucam. 


I 


Cellular  TissuB. — This  tissue  enH?re  more  largely  than  any 
other  into  the  coini>08ition  of  vegetable  structures;  perfeet 
cells  may  bo  obtained  very  readily  from  ri|H:  pulpy  fruits 
Bucli  as  the  strawberry,  raspberry,  and  peach;  from  other 
plants  ihey  may  be  procured  by  maceration,  or  the  shape  of 
the  indindual  cells  may  be  shown  by  vertical  and  horizontal 
sections.  The  fullowinf;  list  will  erobraee  some  of  the  most 
interesdng  varieties : — 


Pnip  of  Omngis 

Ppwh, 

Raspberry, 

Strawberry, 

Swtions  ul'  Pith  of  £Id«r. 

^— —      F!Hx  mu, 


Secdotu  nf  I.ilium  nutdiduni  (Icttf ), 

Nupbar  lut<«, 

Pine. 

Rire-jwiper  pUnt. 

Rush, 

Spargnniutn  miUMum 


Fibro-ceUular  Tismr. — This  very  elej^t  tissue,  consisting 
of  a  c*:)it  in  the  interiiir  of  which  a  spiral  fibre  ia  cuilud  up,  is 
found  readily  in  every  species  of  moss  of  the  genus  Sphag- 
num. In  some  of  the  orchidoceuuK  plants,  tiie  leuvcit  uru 
almost  entirely  made  up  of  it,  from  tliese  the  cells  may  be 
obtained  cither  by  maiTcration  or  by  section;  tlie  best  examples 
axe  atforded  by  the  following  plants: — 


Ooddium  BoDpUndunom, 

"       iliviiricAluiii, 

puniiluro. 


PleurotbjiUu  migustil'uliB, 

mwltVtluL, 

S)wv<ilabnuin  giitbiTnin, 
Sph^pium. 


A  mcxlification  of  this  form  of  tissue  is  found  in  tlic  tc^Ia 
of  some  seeds;  a  portion  of  it  from  the  following,  when 
wetted,  will  ejchibit  Itoth  the  cell  and  the  fibre  in  a  vci^'  beau- 
tiliil  manner: — 


Salvia,  Cnllnmm  grniKlirulIn,  Culloniia  lincarif,  Anutthodinni. 

26 
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In  tlic  Elalcra  of  Jungcrmannise  a  similar  kind  of  til 
altfo  be  seen. 

Contetiii  of  Cells. — These  consist  priiicipjilly  tif  n'loarii 
nuittor,  starch,  rapKulcs,  liquid  and  concrete  oils  »!kc-.  \f. 

Cohering  Matter. — Flxainplcs  occur  in  the  following  pUnli: 

Cuticle  of  Balum,  Cuticle  of  Rhubarb, 

Pclirgonium.  Salria. 

S/arch. — The  granules  of  starch  are  obtained  from  a  Tvietr 
of  plnnts  by  repented  washing  in  cold  water;  many  Idodi  «? 
sold,  hilt  thoec  from  whnat,  rice,  arrow-root,  potato,  and  ton 
lett  n)oi»  (Canna),  are  anion^st  the  nio^  common;  the 
mens  should  be  mounted  dry,  in  a  very-  thin  gluse  cell,  or 
one  made  of  paper,  »o  »e  to  keep  tlic  cover  from  prcaang 
much  on  the  granules.     A  knowledge  of  the  nppejuiutcc 
the  different  kinds  of  starch,  when  examined   by  the 
scope,  is  of  great  iiniwrtancc  In  detecting  the  frnuda  often  pnu> 
tirted  on  the  public  by  introducing  granules  of  onr  comnina 
plants,   and    puHing   them   off   as    belonging    to    the 
nutritious  and  expensive  kinds ;  they  arc  also  very  beaat 
objects  when  vicvrod  by  pokrizcd  light.     The  fbUowing 
will  give  the  most  interesting  varieties: — 

Arruir-root,  Indiiin  Ileaa,  Sngo, 
— ^         Enst  Iniliwi,  Tixlian  Corn,  TitjiiticaL, 
West  Indian,  Potato,  Tans  loa  men*  (I 

Icvliutd  M<MM,  Rice,  Mlieat. 

Rttp/titles. — These  are  crystalline  bodioa   found  In  the  b- 
terior  of  the  cells  nf  pUnbi;  somctJuica  tbcy  resemble  nucdl^H 
in  shape  (hence  their  name),  at  other  times  they  occur  aP^ 
octohcdmns,  or  in  stellate  bundles.     Several  \-arietic8  will  ba 
found  in  the  following  list: — 


Alw. 

Ajjple-trc*, 

CartiM  opiinlm, 

—  -  -    I'tiiifngiiiius, 

Koiiig, 


Elm  (toita). 

Hickorr. 

Il^'aciiitli, 
Lime  Uarkf 


Onion, 

Rhubarb,  Turkey, 
^—      En^hVli. 

S4IUII1. 

Tulip. 


Spirtif  I'ffwls. — These  may  be  prociu*cd  cither  by  mac* 
t'lon  and  subsccpicnt  dissection,  or  by  vcrtiud  sections  of 
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Btffma  of  plants;  in  some  transparent  leaves  ihcy  may  be  scon 
in  situ,  or  inay  be  accidentally  scparatcil  with  the  cuticle. 
Very  good  cxtunplcs  will  be  found  in  the  following  plante: — 


Amadou, 

Cuinft  liioolor, 

Lrropodhiin, 

AipangiM, 

llyodnth, 

Nepenthe*, 

Ctettts  ftpiintia, 

Lily,  Mexican, 

Palim 

fpeciwMi, 

Long  U-ck, 

RhulMrb. 

r 


Ducts  of  various  hin/U. — These,  IiVp  ppiral  vessols,  may  He 
dissected  out  of  soft  stems  or  roots  after  maceration^  or  may 
be  examined  by  vertit^  and  horlzontjil  sections  of  more  dense 
structures;  the  following  plants  will  exhibit  some  of  the  most 
interesting  sppcimons : — 

Dulilin,  OpantiA  rulgaris,  Vtern  aiinilino, 

Klareriiiiii,  Pli<enix  dnrlyliierfti       Rlinbiu-b. 

li'ooih/  Fibre. — This,  although  strictly  collnlar.  is  much  more 
firm  and  elastic  than  tlie  usual  fornix  of  tlmt  tissue;  the  walls 
of  the  cells  are  for  the  most  part  Btrueturclese,  whilst  otiicrs 
nre  covered  with  minute  markingSf  or  with  gtandi»,  as,  for 
example,  those  of  the  coniferous  tribe.  The  cells  of  woody 
fibre  may  Ik;  examined  in  vertical  and  liorirjsntid  sections;  and 
after  long  maceration,  or  by  a  process  termed  hackJiru/,  as  in 
the  case  of  flax  and  hem[»,  may  Im^  separated  from  other 
investing  tissues.  In  the  latter  plants  it  may  be  aeon  in 
its  most  simple  condition,  whiUt,  in  sections,  all  its  peculiar 
modifications  can  be  exauimHl;  the  subjoined  list  will  aflbnl 
some  of  the  most  chAmctcristic  examples : — 

Chinn^ftroMi, 

Flax, 

KUx,  Now  ZraLmd, 


Hemp, 

SfTtioD*  of  Arsuciiria, 
C«di>r, 


SK'tJot»  cif  nAt(>-piiJia, 

Drimjr*  Wint«i, 

Ephedra, 

XepRul  wood, 

i»iDe, 

Trir. 


Mr.  Darker  has  long  been  known  to  microecopistB  for  his 
skill  in  making  sections  of  wood.  From  the  time  the 
achromatic  microscope  was  first  enijtloyed,  he  mounted  ects  of 
sections  made  in  three  diAcrcnt  directions,  between  glasses. 
in  tlie  dr)-  way,  described  in  page  317.  These  scr^'od  to 
26* 
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illustrate  the  atniuture  of  the  principal  familice  of  plnnta,  aiul 
the  jMpuIar  rs  well  as  generic  and  specific  namca  arc  prinlod 
on  i^niftll  labole,  and  introdaccd  bctwoon  the  glasses;  the  liat 
is  aa  follows : — 


QnemtB  pedutii-ubu    ... 

UlmuB  campestriB 

Swietcuia  Mubagon! 
Diptazium  SoraniporenBi! 

Balantium  eulctta 

Ripogonuin  parviAonini 
Ph<Buix  dftctyliieru 

Zajoift  horruU         

Hjwdiaruni  ofBciatnun... 
DcfRUuithtis  nntaiM 

fscfajDomene        

TestudinArin  ^lephEiitipea 

Bunkna  spet-itwa     

CcrcoB  Ko}-pni        

Caric*  Papu/a        

Araucoria  excdsa 

imbricata 

Dainnian  Australia 
CitpresHuii  hariznotaliit 

(Vdnui  Lebani        

Lnrix  Europe*       

rinus  aj-lTeatria     

Strabus       

picea     

Abic9  alba      

Taxodimn  aoinpf^rrirens 
Jmupenu  vlr);iniaaa     ... 

Taxus  baivut:!        

Thuja  oricotalis    

Onetum 

Ephedra  alala         

CbUii>Diia 

nacrydtiiii)  pluuKWiiin  ... 
Saliabiiria  idiantifolia  ... 
Ouoarina  njuiacUfolia  ... 

Cyca*  rerolula       

Atrophila  au^trAliii 

Satilnliini  album    

TM'iona  pnmdif    

Fnuinu  cxcchnor 


Oak, 

Elm, 

Mahogany, 

Fe^^ 

Fern, 

Cane, 

Dale  Palm, 

Leaf-stem, 

Sujfar  ('«ne, 

Imlinii  Riirc-pa{>er, 

Chiocae  Rice-papn*. 


...  Caetni, 

...  Fa|MW. 

...  SoTfalk  lalaiKl  Fine, 

...  Chili  Pine, 

...  Cowdie-troe, 

...  Cjpnas, 

...  Cedar  of  Lefaanoo, 

...  Larch, 

...  Scotch  Fir, 

...  Amt^rican  Pine, 

...  Silver  Fir, 

...  Whilt  Sprow, 

...  Red  Cellar. 

...  Yew, 

...  ArbOT-Yitai, 

...  Km, 

...  Pbe, 

...  New  Zealand  Spmoe, 

...  Maidmhair-tre«, 

...  Hone-caU, 

...  Tr«  fern, 

...  Samlal  wood, 

„.  Teak  wood, 

...  Ash, 
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Fiwoia    

DiciiomAndra  thyraiHora 

Poputu.4  dilataU     

Tiltn  |>ltttypliilla     

Ml^olui  graniUflDra  .,. 
Bamlniu  aniDdinicea  ... 
Coffiw  ArabicA         


Spi()«irort, 
Po|)liir,  Lombuiljr, 
Ume-tree, 
Magnolia, 
Bamboo  Oane, 
Coffiie-tree. 


Fossil  H^oodi, — Sections  of  thesc^  made  by  llie  lapidary  in 
tlic  game  direction  as  tlic  wrnxLt  last  duseiilHMl.  will  exhibit  very 
renwirkablc  gtnieturca,  the  woody  fibres,  and  Aomctimea  the 
TeawJa,  beiu«;  an  perfect  in  them  u  in  mny  recent  stems. 
Specimens  obtained  from  the  following  localities  will  be  found 
amuugst  tlie  must  striking  of  tliis  clatu  of  objects: — 


£iid(^cn> — East  liuli««, 

Antigua. 

£x<igen9 — Antigua, 

' Alien  Hankf 

Autralia, 

Cralgkuth, 

Clajrcroan,  Derbyihirc, 

Cromer, 

Dudley, 

Darleston, 

Egypt, 


Exogcos — Ilanricfa, 
Uondorsa, 


Ide  of  fortlaod, 
.  ^«ppcjr, 

—  wigb^ 

Lenel  Hraes, 

New  iloUand, 

Oldburg, 

Twwl  Mill, 

Warwi,Ji. 

Van  Dk-inan's  Laiid. 


J/ard  Tissues. — These  require  to  be  prepared  like  sections 
of  bone  and  shell,  sometimes  by  tlie  cutting-machine,  but 
mure  IK'iiucntJy  by  grinding  down  on  a  hone  thin  slices  that 
have  been  cut  by  a  saw;  a  peculiar  kind  of  gritty  tissue 
is  found  in  the  pear  tribe — this  can  be  obtained  cither  by 
(lections  or  by  maceration.  The  following  list  will  embrace 
the  names  uf  some  of  the  most  interesting  kinds: — 


Pear, 

Seed  of  CrotoD  tiglium, 

SUur  Aniac, 

Stune  of  Apricot, 

Cherry, 

■  Duiiiion, 

DftU>, 

Ivory-nuti 

I'vach, 


Stone  of  Plum, 

Tnoiarind, 

Shcllfl  of  Uraxil-nnt, 

Coooa-nnl, 

^^     Haxel-nul, 
—^    Ivur^-out, 

Sago-palm, 

Walnut, 

CvtK  uf  Pine. 
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Alga, — These  are  found  mbundantly  both  i  i 
water;  unay  of  tbem  fonn  most  intereating  - 
microecopic  exarainatioD^  the  marine  species  in  puticakr. 
iKiin^  en  ciAun  euverud  wilii  Zoophytes  of  various  kiods,  iW 
ciliated  amw  and  internal  etructuro  of  wboee  pulrfs  m 
object?  of  such  estrenii;  iutcrest.  lu  a  work  like  the  praBCfil, 
it  would  be  impossible  to  point  out  all  tiie  priodiisl  TsricM 
in  eitlier  claaa;  the  author  would,  therefore,  beg  to  rdn 
those  who  may  be  anxious  to  obtain  correct  infumutKiii  n 
these  subject*,  to  the  excellent  work  of  the  Hon.  W.  U- 
llarvcy,  tcninrd  IViyculotfia  Britaiiniciit  or  a  History  of  Bri^ 
Sea-uredt ;  and  to  the  British  Fresh-irater  Ai^  of  Dr.  A- 11 
I^husalL  Aniun<r«t  llic  alga>,  however,  are  now  diatd 
an  extensive  family  of  microecopic  plants,  t^'nucd  DeamdiaN 
fur  our  kuowledgc  of  Uie  Uritisb  species  of  which  wt  ire 
mainly  indebted  to  the  labours  of  Mr.  Ralfs ;  tliey  Iiavt  t 
homy  covenii;r,  and  etarch  \a  ii  uoiversul  constituent  of  Uwafc 
Their  principal  genera  ore  ad  follows : — 

Fftnta»teria.s  Clwttcriiim,  Sfn-oMfMoiis,' 

Xoiithidiuiii,  lllmi-iuoniii,  KcKIncllii, 

ICiuutrum,  Micnuiteriu,  I>e«inulJuiu. 

Mosses. — The  structure  of  mosses  is  one  of  e: 
intere0t;  the  parts  most  frequently  examined  ore  the 
and  the  thcca,  or  seed  vessel,  with  its  various  appextdages, 
viz.,  teeth,  calyptra,  and  operculum.  Some  epecinipn^t 
be  mounted  in  Canada  boljstm  atler  having  bocm  moist 
and  then  properly  laid  out  between  eheets  of  blutting  pa[ 
to  dry  the  thecie ;  others,  from  which  the  operculum  has  been 
removed,  may  be  mounted  on  discs  in  the  manner  ehovn  by 
figs.  2I5-1C-17,  and  one  specimen  in  particular,  naiued  tho 
Fuuariu  hygrometrica,  when  so  mounted,  will  exhibit  the  mo 
ment  of  the  teeth,  if  the  moist  breath  be  allowed  to  come  i 
contact  witli  them.  The  leaves  of  Sphagnum,  or  the  bojc^-m 
exhibit  a  cellular  structure,  with  a  spiral  fibre  wound  round 
interior  of  each  cell.  The  leaves  of  some  species  of  Splachoum' 
and  lluukcriu  are  also  remarkable  for  the  elegance  of  tlit-ir 
appearnnre.  The  following  genera  will  be  found  to  include 
the  most  interesting  varieties : — 


by 
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Bryum, 

Futisria, 

Gpnnostomutn, 


Houkcm, 
llypnum, 
Ortliolrichtim, 
Potytricliuin, 


Spbagnam, 
Tortnli, 
Tncboetonium, 
Websla. 


Ferns, — The  parts  of  this  curiouB  tribe  of  plants  ma«t  in- 
teresting tor  microscopic  examinntioa,  are  the  reproductive 
organs  or  sporangia  which  are  situated  on  tlie  umler  surfai'-e  of 
the  f'roudd,  and  eouiiiat  of  yellowish  brown  masses  of  capsules, 
in  which  the  eccds  or  spores  are  contained.  Ferns  shouhl  be 
gutiicred  before  the  cajwulcs  arc  quite  ripe,  otherwise,  in 
drj'ing>  these  dcUcate  structures  are  apt  to  burst,  and  the 
contained  einn?})  are  scattered  to  some  distance  by  tJte  action 
of  on  elastic  spinil  spring*  which  forui^  a  band  or  zone  on  the 
upper  part  of  each  ca[>sule.  After  lunging  been  carefully 
dried,  small  portions  of  the  fi-ond  containing  the  sporules 
should  bo  fastened  by  some  cement  to  any  of  the  large  dlsi's 
before  det<cribed  at  page  319,  or  the  very  flat  kinds  iimy  be 
mounted  between  gksses  with  Canada  balsam.  The  capsules 
are  beat  examined  as  opaque  objects,  with  a  |K)wer  varying 
from  forty  to  one  hundred  diameter*,  when  illuminated  by  a 
Lieberkuhn,  or  by  the  aide  reflector.  As  almost  every  kind  of 
fern,  whether  British  or  fort^ign,  in  more  or  Icks  beautiful,  it 
would  be  needless  to  particularize  any  individual  specimens; 
those,  however,  presently  to  be  enunierattHl  under  the  head 
of  sjiorcs,  will  serve  to  show  both  the  capiulee  and  their 
contents. 

Sfmrcs, — These,  which  are  analogous  to  seeds  in  other 
plants,  shoiUd  be  examined  either  as  opaque  or  as  tmnsporent 
objects,  with  a  magnifying  power  from  two  to  three  hundred 
diameters ;  the  list  might  well  include  the  whole  of  the  feru 
tribe,  as  all  are  more  or  less  beautiful,  but  tiie  following  may 
serve  us  a  guide  to  some  of  tlie  most  interesting  speciiuona  :.— 


Ailiaiituni  nigrum, 

ca|iillua  veneris, 

As|udiuni  ocuWatum, 
DavtUui  Cuuninun, 
(•nunmiljfl  r:i>tenii;h, 
IIjrini:iiu)ih\Uitiii  Ttitiliridgonw.', 
"  Wilx.ni, 


Xammotm  apicant, 
L/ctJpodium, 
PterU  olt!giuit, 

butato, 

Fo])-po(tiuin  vulgnre, 
Kcnluiiciulriiim  vul|{i>re, 
Twlca  Alnmnft. 
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Pollen. — All  tho  darker  kinds  maj  be  mounted  in  Caaada 
bdimui,  the  uiorc  transparent  cither  in  fluid  or  diy;  aoote 
rcmai'kablc  examples  will  be  found  in  the  subjoined  Uot: — 


Aeaiufl  Annoift, 
Anagallin  anrenais, 

Callu  .Kthiopica, 
Ctuupnniila, 
Conrolrulus  nrnjor, 
^^       minor. 


Fuchnin  globosa, 

Geranium  Robcrtiuiium, 

Guenisey-lily, 

Iria  fictidiatumA, 

Jamninu, 

Lydinifl,  acarletj 


Morrel  of  Pern, 
Poljrgooum  orienUli^ 

FratstetDoii, 
S«dDtn  Moe, 
Tiger-%, 
Tulip, 


Sudi* — Thc:ic  ure  generally  examined  as  opaque  object 
iriut  M  low  magnit^'ing  jtowcr ;  Boniu  from  the  orchid  tribcn  and 
tliu^  that  arc  termed  by  butanists  "  vsnufcd^  may  be  monoted 
iu  Cauiidn  bnlsam,  and  viewed  aa  tran^rcnt  objects.  Tlio 
i'ulluwin^  list  will  L'uutuin  tlie  names  of  the  most  striking 
epccimcng : — 

Pnndelion,  Orchis  mac uUla, 

Krcmocaqius,  bi/uUot 

Groutidwl,  Poppy, 

lx>iihc»pennnni  erubcMviw,  $<trrt;U 

Maiicthia  cocciiK.ti,  Sycatunrc, 

Alignionelte,  Verbena. 


AnngnlliN 

Anu-tlitiin  grareoltnw, 
JligTionia  radiciug, 

Carrot, 

Colloinis  grnniliflora, 


Miscellaneotts  Structures  qfajtbrous  character. — For  the  aUcc 
of  comparison  of  knon'n  with  unknown  vegclnble  and  aniauJ 
fabrics,  certain  specimens  of  woody  £bre,  in  tlie  shape  of  flax, 
hemp,  or  cotton,  and  of  animal  structureji,  such  as  sXk,  hair, 
and  wool,  should  be  pronded ;  some  of  them  may  be  exunined 
OS  opaque  objects  upon  a  dark  ground,  whikt  others  will  rt^iuirc 
to  be  viewed  by  transmitted  ligbt  Mummy  cloths  of  different 
kinds  Lave  often  been  matters  of  dispute  with  various  uucixh 
scopiet^,  ns  to  the  true  nature  of  the  material  uf  which  they 
were  ramposed.  The  late  Mr.  .Tame«  Thomson,  of  Clithcnw:, 
iirst  directed  atlcntion  to  the  value  of  the  microacopeia  cheae 
researches,  and  demonstrated  clearly  that  the  material 
employed  by  tlie  Egyptians  was  Uocn,  and  by  the  Peruvian 
cultuu;  the  former  being  known  by  its  solid  and  cylindricaU 
character,  the  latter  by  being  a  more  or  less  flattened  Inod. 
The  structure  of  silk  and  hair  W  widely  diflercnt  from  fHat 
nf  ootum  or  Unco ;  hence,  in  woven  fabrics,  a  km>wlcdgc  of 


J 


CLASSIFICATION  OtT  VEGETABLE  PREPARATIONS.       409 


•  each  becomes  of  the  greatest  in)[>ortance,  as  it  can  l»o 
f  unequivocally  demonstrated,  by  the  microecope,  whether  any 
of  tlic  vegetable  matters  have  been  fraudulently  intrwluced 
with  those  of  an  animal  nature.  The  moat  instructive  Bpeci- 
mcus  will  be  found  in  tlie  following  list: — 


t 


FUx, 

New  Zimlariil  llui, 
Urmp, 
Indian  hemp, 
Cftmbrio^ 
Raw  silk. 
Spun  silk, 
Silk  ribbon, 
Liu:e-tn.-e-b«rk, 


Ci>tUin*gra9&, 
Oil  tift'}^  rasa, 
Cotton,  raw, 
Coltoii,  (warded, 
<jun-ci>ttun, 

Woul,  sbivii, 
Cloth, 

Fch. 


Mumtnv  cIdUi,  Kgyptian, 

Peruvian, 

Cloth,  Tahitan, 

Soniiwicb  I  standi, 

Bcaveni'  liuir  nail  wool( 
Riibbiu'  liair  iumI  wool, 
GoaU'  hair  and  wool, 
BjrvRttofa  t^oa. 

MuBwL 


Method  of  Vietemff  the  Spiral  Fibres  m  the  Testa  of  the 
Seeds  of  Salviay  Voiiomia,  S(r. — For  this  purpose  u  full-sized 
§ee<l  of  any  of  the  Bpecies  of  the  subjoined  genera  should  be 
token,  and  a  Tcr\-  tltin  slice  of  the  outer  brown  part  or  testa 
cut  olT  with  a  almrp  knife,  place  thie  on  a  glaaa  slide,  or  on 
the  tablet  of  an  animalcule  cage,  and  subject  it  to  the  micro- 
scope, which  fur  tite  purpose  aliould  be  provided  with  a  mag^ 
nifying  )>ower  of  about  fifty  diameters,  bring  the  object  into 
fucui<,  and  then  lay  over  it  n  cover  of  thiu  glass ;  a  drop 
of  water  being  brought  near  to  either  of  the  edges  of  the 
cover,  it  will  imnicdiately  nm  undcnicatli  and  s^iread  itself 
over  as  much  B|nce  on  the  slitle  an  the  thin  glass  occupies ;  if 
the  tvdta  be  now  carefully  watched,  numbers  of  tnuii^parent 
tubes  containing  spiral  fibres  will  be  found  to  grow,  us  it  were, 
trmii  all  jiarts  of  it ;  this  operation  will  lost  tor  the  space  of 
two  or  three  minutes,  when  it  will  stop.  When  the  animalcule 
cage  is  ujm^I,  a  drop  of  water  may  be  placeil  on  one  (Hirt  of  the 
tablet,  and  the  [>urtion  of  testa  at  eomu  little  distance  trom  it ; 
the  cover  should  then  be  ^IJd  on,  but  not  »o  far  down  as  to  rcacli 
the  water,  the  testa  lutving  been  adjusted  to  the  focus,  and 
all  being  ready,  the  cover  may  be  slid  so  far  down  as  to 
press  tlte  water  all  over  the  tiiblet,  and  tlie  giving  off  of  the 
cells  will  tjike  place  tk»  before. 

The  seeds  in  which  tliis  pro|H:rty  reside*  had  been  long 
known  to  become  covered  with  n  white  Hocculent  matter  like 
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mould)  af)cr  ha\ing  been  placed  but  a  very  short  timo  in 
water,  and  the  appearaiiiH)  was  generally  attributed  to  the 
first  act  of  growth  of  tlie  seed,  but  the  microscope  tdiuws  that 
it  is  due  to  the  elongation  of  membi-anous  cells,  by  Uie 
unrolling  of  an  Riastio  Epiral  fibre  contained  within  them. 
The  aamc  phenomenon  has  been  obiKncd  by  Mr.  Kippi^t  in 
the  seeds  of  tho  Acanthodium  xpicatum,  a  plant  brought  from 
Upi)er  Kgyitt  by  Mr.  Holroyd ;  ^lau  in  otlicr  plants  of  the 
tamily  Acanthacccey  but  the  presence  of  spiral  cclla  is  not  ocm- 
Btant  throiighuiit  the  whnl<;  iiimily.  The  entire  surface  of  Uw 
seed  of  the  AeauthodJum  is  covered  with  whitish  halre,  whidi 
are  bo  compressed  as  to  adhere  eJosoly  to  it  in  tlie  dry  state, 
being  apparently  ghicd  together  at  their  extremitiee.  Od 
being  placed  in  wator^  these  hairs  are  set  &ee,  aod  spread  oat 
on  all  sides,  tliey  arc  then  seen  to  be  clusterB  of  from  five  to 
twenty  spiral  edits  which  adhere  firmly  together  in  tbcir 
lower  portions,  while  their  upper  parts  are  free,  separatiqg 
from  the  cluster  at  different  heights,  and  expanding  ia  all 
directions  like  plumes,  forming  a  very  beautiful  microaccfiio 
object.  The  free  portions  of  the  cell*  readily  unroll,  exIuHt- 
ing  the  spinj,  formed  of  one,  two,  or  oocaaionally  of  three 
fibres,  which  may  sometimes  be  seen  to  branch,  and  not  na- 
frequcntly  break  up  into  rings.  Throughout  the  whole  Ivt^th 
of  the  cell,  tlic  cuik  lur  nearly  contiguous ;  in  the  lower  part 
they  arc  united  by  connecting  fibrils,  and  towards  the  baae 
of  the  adherent  portion  become  completely  retieultttod.  The 
testa  \a  a  Hcnu-tmnHparcnt  membrane,  formed  of  nearly  regidar 
liexagonal  cells,  whose  centres  are  occupied  by  an  opaque  maas 
of  grumoiui  matter.  Tho^e  nvWs  whic-h  siiuronud  the  Ixiscs  of 
the  hairs  are  cunsiderably  elongated^  and,  gnulually  tatK'ring 
into  transjuirent  tubes,  appear  to  occupy  the  interior  of  dM 
spiral  clusters. 

Two  species  of  Bkpharia  are  mentioned  as  poffloani^  a 
etructure  very  siuiilar  to  tlmt  of  Acaat/uttlium  jr^iieatumf  differ- 
ing chiefly  in  the  smaller  and  more  uniform  diameter  of  tho 
Bptnd  eclU,  and  in  their  thicker  fibre,  which  is  always  uo^lo 
and  loosely  coiled. 

Tlic  aecd  o(  HurWa  formosnt  on   beii^  placed  in  water. 


« 
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dcvt'lujM  from  every  pnrt  of  its  eur&ce  angle,  short,  thick 
tapering  tubes,  witliiu  which,  in  sume  caees,  a  spintl  fibre  ts 
loofleljr  coiled,  whilst  iu  others  the  phice  v£  the  spiral  fibre 
IB  8upp1iL>(l  by  distant  riiigft.  The  aec<U  of  tlie  f'uUomng 
plants  bIiouIU  be  selected  and  treated  in  the  nuumer  above 
described : — 


Araiithoiliiiui  x|>ic«tum, 

Uli'plmris 

Ciunutriiui, 


Collnuia  gruidlfolia, 

liiii;iu-i«, 

Pbttvlopsis  glutinuM, 


RdiiIIU  rormoaa, 
Sttlviu  (iratciinat, 
SolTia 


ASIMAL  TISSUES. 

Preparations  of  animal  structured  arc  obtained  in  a  variety 
of  way»;  but,  more  or  Ictw,  dissection  will  be  fotmd  uecc»iur)* 
in  almost  every  ca^e^  The  subjuiDcd  lists  will  ufliinl  a  few  of 
liic  best  examples  of  the  different  kinds  that  may  be  procured 
from  the  various  classes  of  animals. 

Silicrous  Sktthtanx  of  recent  andfoisU  Tnftaoria* — Tbe«o  may 
be  obtained  from  a  >'ariety  of  sounies,  and  aa  they  are  ca|>ablu 
of  resisting  the  action  of  strong  acids,  the  method  describi'd  at 
page  397  will  be  found  necessary  in  all  cases.  They  may  be 
niiiuDted  in  balsjini  or  in  Huid ;  the  very  delicate  kinds  for 
teat  objects  arc,  however,  gcnemlly  mounted  dry,  between  two 
pieces  of  thin  glass.  Tlie  following  arc  the  localilius  in  which 
tlie  must  remarkable  sjKcics  liave  been  found: — 


I 


Recent 

lafuaoria. 

Ainaie>i  aeTi-D  locdjtitis. 

River* — MerH'y, 

AlgoaBsy, 

OrwtOl. 

TboineA,  at  Tilbury, 

Indus, 

Woolwich, 

LombvUi, 

New  River.  EufiJtl. 

Soutbamptoo. 

IVmcki  «t  lllscklwalh. 

RiTtTs — Tyne, 

Wandswortk, 

CljJ«. 

Totttfridgc 

HtunlKT, 

—^    IliunpAtnuI, 

Ta^ciiB,     • 

ni}')i}tnt«, 

— ^    NB-, 

8|iriog  D>kc  lluU. 
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Poitdfl  at  81.  Jc^'s,  New  Briuuwiuk, 

St.  Vincent'ii, 

PcteTBbcrg. 


CbftrlestoD  Harbour, 
IfMwicb  Harbour. 


Guaao  fVx»n  Vhahwi 

Peru. 

PutAgOtUA, 

SaliUnlia  Bmj. 


Localities : — 

Barbailoe*,  Mount  Ilillougbby, 

SpriDgfield, 

Bermuda, 

Frmozenbad,  Boheioia, 

Eger,  liohcmia. 

Cait«I  <)el  Piano, 

Bilin  (six  varictit!ii), 

Upper  Bann,  Ireland, 

Irelanil,  Morn-mountain, 

Lapland, 

Ki»en  (ihn**'  varieties), 

Uicliuiuticl,  Nurth  AjiKTiL-a. 

llluu-biU-|}OD{l,  Maine. 

Felenberg.  Virginia, 

niCAtawaj,  Maryland, 

Holtia-cliU',  Vii^inio^ 

Rappcnhonock-cliff,  AtDcrica, 

On-yon, 

Cumberland,  Rbodu  Island, 

WrMtkiun, 


Fo*sil  Infiuoria. 

LocaJitiea:— 
Khtchelberg. 


Holdemete,  Vorlubirr. 
XfUiKiibei^g, 
Leicevtttfahira, 
Germanj  (five  TarielioiX 
DnlgvUv,  North  Walca, 
Scdgcmoor,  Soincrvulahinci, 
Brid^iratcr,  Amerii-s, 
W««t  Point,  New  YuHt, 
Xujcauy  (two  Tarictidi), 
.lutlaud  State, 
St-FWa, 
New  Zealand. 
Tripoli  (two  ToriodeiJ 

TUMMIUJ*, 

Nora  8cotia, 
Stockbolm. 

Muuntjun  Meal, 
Milk. 


Fnun  these  localities  wHl  bo  found  several    |:;cnera, 
BplenilHl    8jK!ciiuciu   of  vrliich  Knglisb  luicrostttjusta  ara 
ilcbtcd  to  a  few    fellow •lubourera    in    America,   but 
especially  U>  Professor  Bailey,  of  West  Point 

Many  oilier  kinds  of  infuwria  may  bo  presrrvcxl  as 
ftcopic  objects,  wbo(>e  bodies  arc  cither  sof^  or  contain 
aooall  tnu.'c  of  silica ;  they  may  be  mounted  in  one  of 
preaervativo  fluids  before  described  at  page  278,  hot  of  tb«te< 
the  Glycttrine  appears  to  preserve  tlic  colour  beat,  although 
the  fluids  reconiuended  by  Mr.  Tliwaites  and  Mr.  RaUa  wiU 
anttwef  for  most  purpoees.  The  rull  to  be  employed  iboold! 
be  very  diin,  eillicr  made  of  the  liuei>t  ghus  or  of  gokl- 
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in  the  manner  recommended  by  Mr.  Topping,  in  pnge  28N ; 
the  cover  also  ehonlil  Ih?  very  thin,  oh  high  powcra  will  of^n 
be  rctpiired  for  thcur  examination.  Many  species  of  the 
following;  j^nora  may  he  presen'ed  in  fluid,  and  eome  of  them 
even  in  Canada  balaam  : — 


Aduitntbes, 

Enchiily&i 

Meridion, 

Actioocycliw, 

Kus-'itrnm, 

NaTicuIn, 

Ampkitnuf, 

EnglcDft, 

Plummcchun. 

ArthrodcsQiiu, 

Eunotio, 

Pfxidkula, 

BnciUartti. 

I<VagtltarU, 

Suuronds, 

Uidilulpliin, 

Frudtulio, 

SteMOT, 

BracbioQtu, 

Gull  ion  villi. 

S^edra, 

Cloatcriara, 

GompboDcuLi, 

Tkbeltaiia, 

Cocconeini, 

Gonimn, 

Tncfaodo, 

CoMUnodiscus, 

TstlitiiiA, 

Trtccmtiimi, 

DiatomOt 

Iljdutiiiu, 

Vibrio, 

DOXOGOOCIU, 

Melosira, 

VoItox. 

%Mmffe». — Tlieee  lowly  oi^^anizcd  animal?  are  fuund  both  In 
■alt  and  freah  water  in  all  parta  of  the  globe,  many  of  tlieni 
ore  very  minut«,  and  miiy  be  examined  without  much 
pre\-iou8  prc|>!inition,  wliiLst  others  require  either  to  be  burnt 
or  acted  on  by  acid,  in  nnler  to  display  the  omall  maaeu  of 
flint  termed  *picuia^  which  form  their  rudimentary  skeleton, 
as  well  as  otlier  niaaees  of  the  saiwi  material,  which  enter  lurgcly 
into  the  frame-work  of  the  young  sponges  or  gtmmmiei.  The 
liritiali  freeh  water  itpongea  abound  frequently  in  f^mmidefl, 
but  the  9{)icula  are  mostly  needle-shaped,  tike  the  raplildes 
in  the  h)'acinth  and  squill,  but  they  are  not  crystalline ;  in 
some  of  the  marine  eiwcica,  eepecially  tliow  from  Auatnilia, 
New  Zeidaml,  and  Algoa-bay,  most  remarkable  spceimcne  of 
both  may  be  obtunetL  Mr.  Bowcrbank,  who  has  pai<l 
oonsidemble  attention  to  their  microscopic  structure,  Ima 
discovered  a  variety  of  new  and  interesting  forms;  but  as  an 
immense  number  of  foreign  species,  which  poaeess  beautiful 
spiciila  and  gemmulcs,  are  ptill  undescribeil,  it  would  be 
impossible,  at  present,  to  give  the  names  uf  more  than  a  few 
of  tl»e  well-known  genera : — 


4U  MAyipm*A-no«. 

llllllfl  ■HUM  Trthi* li...... 


Alyoiaum. —  N'cul;  oUjetl  to  i^onges  m  a  &mi]j  oT 
ZoofihvteA,  ivrnncjil  jVkyomdie,  wbirh  arp  often  kibcd  in  ft 
peculiar  infiniicrr  the  outer  ikln  being  toagh  and  studded  «U 
orer  with  ifb-tlute  figures,  carh  of  wbicfa  u  dirideJ  tDb>  eight 
n^a;  frein  dmc  thfi  teBtactila  of  the  potyx^^r  iil«o  eighi  in 
nnrober,  vatkj  oft«D  be  Kcn  to  tamie.  The  cellc  fm-  the  |)ulj|ies 
are  ntualod  immc-dmtcly  under  tlu*  ftkin,  and  are  the  tenmna- 
tidiM  of  )oiif{  af|uirerc>u»  ranaK  wbidi  mn  throti^  the  whole 
poljrpMJr/iii ;  the  hjhicv  bctw<ruu  tlic  lubes  is  occapied  bj  a 
looae,  fibrotu  D<rt-wi>rk»  the  fibr«fl  of  wbieh^  In  some  places* 
an-  mtjiro  cmwtlfvl  tlum  iu  otlirm,  and  there  form  ^mnD  com- 
[xiniiicnte.  All  ibe  iaterspjcca  arc  filled  op  with  a  trauj^pa, 
rent  g^itjitimr,  in  which  numerous  urcgnlar  spicnla  lie 
hnmcniod.  TItcK  apiiMila  are  ('utcurcou^  and  are  mo^ir  iti 
llip  tV.iiji  iifii  t'rt>.^n^  n\\i\  loulhcd  'fii  thf  ^idt.-.'  They  niay  be 
ii1jliiini-(l  (Vnrii  tliiii  hthT-H  liy  mncL- ration,  or  by  burning'  a  gmall 
jiurtiori  oC  tlif  sininml  in  a  spirit  lamp,  or  more  simply 
hy  liiiJIipi^f  x\if  ;Tcl!itiTirj[U3  matter  in  caustic  potash.  Three 
kiii'ln  I'lturifl  i}\\  ihr  liritifh  coa.yt3  iirc  ailtnirahly  dcscrilx'd  in 
ihr  Hiirk  jiiHl  (^riot»!!d;  tlirse  will  jiU  L'ishibit  remarkable 
K|>ic-uiu,  Jiii'l  lire  nai«i;(l  n^  follows: — 

Al'-Hiriiiiiii  iliuitnrtini,  A.  glomiTntiim,  SiLrr-titlirlvnn  cnt^nfltj). 

Many  otJiff  kimlu  an.'  mtit  with  on  foreign  shore?,  in  which 
S]/i(!uia  ui'  Vi-ry  pfrriuliiir  ^hiipes  arc  iJjundfvnt ;  tlie  author  has 
ill  hiw  ptfHftt'MHioN  soiiiu  sua-aiLiiil  from  Ju^a,  of  which  full  one- 
thinl  uf  the  hulk  is  coiuimisdJ  of  thcfpiculaof  difl'crent  spet-Ies 
of  Alcyotiiirm,  (iurgoniii,  and  sjKjngcSj  and  one-third  of  the 
Toinnindrr  of  foniniinifL-rous  shcll.^ 

•  A  /titiufi/  nf  BiiUxh  Zonphj/lcM,  liy  G,  Jjlinslnn.  M.l).,  LL.D.    T,on- 
ilun,  11:^47. 
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Gnrffotu'a, — Allied  to  Alcyonium  is  another  family  nt' 
ZiKjphytes,  temietl  GorgonUdic,  wliicli,  like  the  precetlinjv, 
abounil  in  spiciJn  of  various  shapca;  theec  may  be  obtainwl 
in  a  similar  inanniir,  either  by  (tectionis  hy  macenttion,  by 
burning,  or  by  boiling  in  CAuetic  potuh.  Tlie  Britisli  specieA, 
aci'onling  to  Dr.  Johnston,  are  five  or  six  in  numticr;  but  in 
other  ports  of  the  ^lobe  they  arc  very  abundant.  Mr. 
Topping,  and  the  otiicr  preparers  of  microscopic  ohjerta, 
.supply  a  large  number  of  varieties  of  spicula*  almost  all  of 
which  are  obtained  from  foreip^  epoeimrns.  Tliey  are  nt^LMi 
of  a  beautiful  pink  colour,  and,  when  mounted  in  Ciuinda 
baUani,  arc  objects  of  great  interest.  The  following  speciea 
are  inhabitants  of  tlie  British  seas: — 

Gurgoiiia  n-micoba;  G.  pinnau ;  G.  Flicomns;  G.  ucep*; 
Primpo*  lopadifera. 

Corals. — These  arc  best  examined  hy  horismntal  and  vertical 
aet^tions;  if  tlic  antnial  nuttter  only  \s  re(|uired,  the  sections 
may  be  macerated  in  hydrochloric  acid,  to  which  five  or  six 
times  its  bulk  nf  water  has  been  added.  Mr.  Rowcrbank  has 
paid  considerable  attention  to  the  Btniclurc!  of  the  Condlid.T, 
and  to  his  published  paper  in  the  volume  of  the  I^lotofthical 
Transactions  for  1842,  the  author  would  refer  those  who  are 
anxious  for  information  on  these  points. 

ZoophtfUf. — Residenta  or  occasional  %'isitor8  nt  the  flca-«(de. 
when  pronded  with  a  microscopei  will  have  abundant  oppor- 
tunities of  examining  aomn  of  these  roost  elegant  of  animal 
forms.  Scarcely  n  picco  of  sea-weed  or  fragment  of  shell  will 
be  found,  that  does  not  affonl  a  habitation  for  some  member 
of  tliis  inlcrt!sting  family.  Some  choose  for  their  dwcIUng- 
placo  the  depths  of  the  ocean*  whilst  others  are  found  in 
localiticB  that  arp  left  high  and  dry  at  every  ebb  tide.  The 
inliabitanttf  of  the  deep  water  are  procured  by  an  operation 
termed  drfdginff.  whilst  the  others  c^ui  lie  very  well  collw^ted 
at  low  water,  as  they  are  generally  adherent  to  sea-weeds,  or 
to  old  shells  or  pebbles ;  amongst  the  most  common  are  the 
various  s(>ecics  of  Plumularia,  Scrtularia,  Tubularia,  and 
JloM'crbankia,  all   of  which  are  most  beniiliful  objects  for 
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microscopic  observation ;  the  latter  genus  was  especially 
abundant  at  Hcrno  Bay,  in  September,  1848,  where  it 
niit^ht  Ik  [ticked  up  in  profuraon  on  the  beach,  bcinj; 
attached  to  a  variety  of  sea-weeda.  For  a  full  description  of 
the  various  British  species  of  Zoophytes  which  may  be  met 
with  cither  in  fresh  or  salt  water,  the  excellent  work  of 
Dr.  Johnston,  before  quoted,  should  be  eonsulted. 

Insects. — lliia  division  of  the  animal  kingdom  affords  to  the 
microscopist  the  most  numemxu*  and,  perhaps,  the  most  bean- 
tiful  rlaga  of  objects  for  exaiuinution,  as  tlierc  is  scarcely  a  part 
of  the  body  of  an  insect  that  does  not  exhibit  some  remark- 
able structure.  Tn  the  following  clas3ifit!d  liat  are  enumerated 
some  of  the  insects  in  which  certain  parts  and  organa  may 
best  be  viewed : — 


I 


Oockekafer, 
Codoraaeli, 

Gnnt, 


Fluiuvd  Gitat, 

Miilge-flv, 
PopUr-hawk  Moth, 


Blow-flv, 

Cnbbage-bulterfly. 
Cockroach, 
Field  CricOcot, 


Buprcslisi 
Cockcbafer, 
Cicin(I«.-Ui  gcnnuiioa, 

nuinlima. 


Egg'- 
IchDCiimon, 
Laoquej-iQoth, 
Klttgpie-moth. 
Privct-Bioth, 

Efylra. 

Dinni  pntl-lieelle. 


Frivct-hawk  Motli« 
llj/rtu'-inotli. 


Red  imdcrwing-motii. 

Silkworm, 

Spider, 

Water-scorpion. 


Mn^k-hectlp, 

Ndtoiiecta, 

R(mflH.i>tlc, 

ITuiL-orQ-bectle. 


The  elytra  of  the  various  kinds  of  diamond  beetles  are 
amonget  the  most  brilliant  of  all  opaque  objects;  some  of 
tlicm  are  much  improved  by  being  mounted  in  a  tluek  cell 
with  Canadu  balsam,  in  tlie  manner  described  at  page  SOB,  ^i 
whihtt  others  lose  much  of  their  splendour  by  being  so  treated.  ^M 
In  order  to  ascertain  whether  an  elytron  will  be  improved  by  ^* 
the  balsam^  one  of  the  legs,  or  some  jwrt  supplied  with  a  few 
of  the  iridescent  scales,  shimld  be  touched  with  tuq^entine; 
tlie  brilliancy  be  increased,  the  mounting  in  balsam  should  be 
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adopted;  Ui  on  tho  contrarr,  the  coloure  be  at  nU  diwlcnc^I, 
it  mIioiiIiI  be  mnimtcd  ilry,  cither  on  a  due  or  in  a  evil,  as 
desei-iljed  at  page  322.  Tlit;  elytra  of  some  booties,  after 
having  been  8oitene<l  in  caiititic  potash,  luay  be  mounted 
between  flat  glnascs,  n&  ordinary  objects,  and  in  tbem  tho 
iirrangonicnt  of  the  irachciV}  the  pibt,  and  elevationii  nn  the 
aurfacc,  and  tlic  short  spiuy  or  branched  lioirs,  uiay  be  well 
exainincil. 

J^yes  of  IruretSf  Cnutaeea,  ami  Arachnida. — In  the  first 
two  tiic  eyes  diA'er  in  very  many  poinra  from  the  eaine  organs 
in  liiL'  higher  claisficd  of  ammald,  each  l>eiug  c4im|KMM.>d  of  au 
aggregaUon  of  many  hundreds  of  minute  Icnsea.  In  the 
Amcluuda  or  iipidero  each  eye  \\bb  only  a  single  leu,<(,  uiid,  in 
order  to  compensate  for  tlii»  sceniing  wont,  the  uuuiber  of 
eyes  is  increased  from  four  to  twelve  in  eonie  upccica  j  a  few 
genera  of  iuwects  are  pn>vide<l  with  two  or  three  single  eye« 
in  tlte  trunt  of  their  headi^  The  tiha|ic  of  the  lenscb  ie  alwuya 
atich  as  to  admit  of  being  adapted  to  each  other  without  1o«b 
of  spare ;  tlte  more  couimou  form  i«  hexof^onal,  but  in  ^ume 
crufitaci-a  they  arc  njnarc.  The  external  form  of  tlie  eye 
may  be  seen  in  iiVu  in  all  insects  when  viewed  ns  opnquc 
objuct^  but  the  layer  of  lenses  requires  tlic  aid  of  maccmtioa 
imd  direction  to  free  them  from  a  eousitlernble  amount  of 
{ligmcut;  tbeac  may  b(>  mounted  either  dry,  in  fluid,  or  in 
balsam ;  in  the  latter  way  the  collection  of  Icdaca,  if  required 
to  be  flat,  muiit  be  made  so  whilst  Bofl,  by  jircasure,  otherwise 
they  are  liable  to  split. 

Tlie  subjoined  list  will  wrvo  to  point  out  wme  of  the  inaecla 
from  which  the  most  striking  specimens  of  eye«  may  be  taken : 

Bm',  Cra  V  -  fish,  Sluiiii[>, 

Bottt-ll;,  Cricket,  Sphinx  ligiutii, 

Butterfly,  Dragon-tly,  Siiiilcr. 

Cicimlel*,  Protte-fly,  StB^-lw«t](^ 

(•rah,  Hoiue-flf,  Tnlwttus, 

Cnuiu-flr,  Lolwlcr.  WniLT-iswrpion. 

FeH  of  InMctt,   ^v. — The«e  may  bo  examincil  a*  o|wique 
objects  when  mounted  on  discs,  or  by  tnirn'oiittiHl  U^ht  wheu 
placed  in  fluid  or  in  Canada  balsam;  the  latter  method  is» 
27 
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pcrbape,  on  iJic  whole,  tlie  most  eatisfactory.  Kcntarkablc 
exflmples  of  adiiptition  of  structure  to  particular  purpoDM 
will  be  found  in  the  insects  named  in  the  following  list: — 


Blow-fly,  Ifce, 

Ilamel,  Waap, 

House*fly,  Spider, 

Drone-tljr,  Diamond'bceUe, 

S«w-£y,  Dylivua  marginalls,  male, 

Asilum  Aciliiu  solcatun,  male. 


Cbryriit  ignil*, 
Talmona  boTiooj. 

tropirtu, 

Ophion  lutcus, 

Idiiictiinoa, 

Caw-fly. 


Hairs  of  Insects^  §t. — Tlieac  may  be  mounted  either  in  fluid 
or  in  lIiu  dry  way ;  in  some  spiders  the  hairs  arc  bmocbed, 
in  the  lorvfc  of  many  ineecta  they  are  covered  with  spines,  and 
in  the  Crustacea  they  are  provided  either  with  spines,  or  arc 
plumed  veiy  like  a  feather;  eomc  of  the  most  intcrcatuij; 
specimens  of  the  latter  kind  will  be  found  upon  the  body  mod 
legs  cX  all  the  crab  tribe,  but  upon  the  flaWUn  or  ewceptog 
organs,  which  arc  situated  within  the  branchial  chamber,  the 
hairs  present  the  greatest  number  of  peculiarities;  they  are 
mntttly  ai:imctar  shaped,  aud  provided  with  teeth41ke  ppo- 
jecliuns  from  the  convex  eide,  for  the  purpose  of  sejianting 
tlie  laminte  of  the  branchiae  one  fn»n  tlio  other,  in  order  to 
admit  water  between  tliem.*  The  rcmarkablo*  structure 
exhibited  in  the  minute  hair«  of  tlie  larva  of  the  I>enncstc8  b 
shown  at  C,  figs.  1,  2,  3,  ui  plate  6 ;  in  the  early  days  of  achnK 
niatic  microscopeii  it  was  considered  oa  a  "  test  otjcct,**  and 
on  tlm  account  has  been  retained  and  actmrately  represented. 
The  mo»t  intt'rcsting  i>[>ecinicns  aro  mentioned  m  the  sab- 
Joined  list: — 

DemtcttM  larva,  LobMcr,  flab(4U, 
Diaatood-beetle,  leg,  ■        uil. 
Gnat,  v'mg,                      SeaHMUM^ 
Ilcrt-ules-beetle,                Shritn|K 
LarvB,  Tigcr-niotfa,         Spidrr, 
'i'liMock-moth,     Sc^'becUe. 


Acil!us  tulcatuo, 

Bee, 

Crab,  clawi, 

fiahella, 

(biiiatl  ediblv)' 

flalwUa. 


Parti  iiffout  the  Mouth  of  hitntSy  §T. — Some  of  tbeac,  mch 
as  the  jaws  of  beetles  and  spiders,  aud  the  proboaoes  of  tfas 

'  Vldn  a  patter  by  tbc  auUittr,  "Oo  tlir  Structuni  and  Uw  of  Mh 
KIivIm^"  id  vol  ii.  of  the  TrmMuetumM  of  the  Mvnueopieat  Soeiet$. 
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Ctirculionidee,  require  little  or  uo  preparation,  and  may  be 
mouuted  on  diara  and  exAmined  aa  opaque  objocts,  whilst 
others,  such  as  tlie  probosces  and  lancets  of  flies  and  btt-a,  will 
ilemand  no  small  amount  of  skill,  in  order  to  display  them  to 
die  best  advantAge ;  when  thin  and  trauitpiLrenL  tliey  Hhould 
be  mounted  in  fluid,  but  in  bakani  when  they  ore  tliick  and 
Opaque.  Previous  to  being  mounttKl  in  the  latter  way,  all 
epcciniena  of  the  proboticea  or  Unccte  tibould  be  diawected 
wliilst  soft,  and  then  laid  out  in  a  proper  position  upon  a  slide 
to  dry;  as  tho^e  that  are  taken  from  recent  insects  and  placed 
in  balsam  immediately,  generally  make  it  appear  utilky.  The 
list  given  below  will  contain  the  names  of  some  of  those  in 
which  the  moat  important  varieties  will  be  found : — 


Anr, 

Cicada, 

ProboacU  of  Butterfly. 

AMti»-lTy, 

Cricket, 

BhiDgia, 

Bou. 

EmpU-fly, 

Sand-bnr, 

-flr. 

Fir*, 

Saw-fly, 

Beetle, 

QUBI, 

Scorpioo-fty, 

Blow-fly, 

Ilomet, 

Spider, 

BrwMi-fly 

(larva), 

iIoui«-fly, 

water. 

Bwl-flj,' 

Ixodes, 

Tabeniu, 

Bug. 

t/buuin  Wasp, 

•nek. 

CbftiiicWin 

-ftv. 

Prolioecis  of  Mnih, 

Wwp. 

Parasitic  iMfcU, — These,  when  cAUght,  should  be  placed  in 
spirit  and  water,  in  order  to  kill  lliem ;  those  tliat  are  very 
transparent  may  be  mounted  in  fluid,  the  glyccriuu  or 
Goadby*s  solution  will  answer  well ;  some  persons,  however, 
prefer  caetor-oil,  as  reconmiended  by  Mr.  Waringtou.  If  the 
specimens  l>e  very  opaque,  they  may  be  dried  and  mouoted  in 
Canada  balsam ;  some  of  the  large  kinds,  such  as  the  various 
species  of  Ixodes,  w^tb  peculiar  instruments  for  adhering  to  the 
skin,  may  be  mounted  on  discs  and  examined  as  opaque  objects. 
The  term  Epizoa  has  been  applied  to  this  class  of  insects,  in 
consequence  of  tlieir  beii^  found  on  the  exterior  of  animals, 
and  in  contradistinction  to  those  uccurring  within,  which  w 
called  Eutozoa.  The  species  of  the  former  are  exceedingly 
numerous,  and  but  few  hitherto  Itavc  been  described ;  srarc-ely 
liny  animal  of  the  higlier  cIasrcs  is  free  from  them  durin<' 
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some  part  or  other  of  ite  exi^tenre.  The  eubjoinod  Ibt  ttmU 
be  carried  on  almf»t  ad  infinitum,  but  U  hu  been  deranod 
ncccs^FT  onlv  to  include  in  \t  such  specimens  as  exhibit  mate 
intercMing  points  of  etnicturo.  Those  who  woii)<]  wUh  to  sec 
figures  iind  descriptions  of  a  great  number  of  8p4>rii»,  idioiild 
consult  tlic  Auoplurorum  of  Mr.  Denny,  a  work  drvot»i! 
CBpecially  to  the  subject*  Some  of  the  pnTTmiten  are  elAintci) 
by  tlie  entomologist  as  belonging  to  the  cIiim  Tnucta,  wbk-h 
ineludcs  all  tlmt  Imve  eix  legs,  whilst  othere,  having  e^ht, 
and  commonly  eatle<l  Acuri,  are  inchided  in  another  clue 
termed  Arachnida.  In  the  present  case  euoh  a  distmccton  u 
not  neccasary ;  they  will,  therefore,  all  bo  termed  Punuites 
or  E]jizua,  and  the  animals  from  which  they  are  taken  jtlscrd 
in  alphabtitical  wder: — 

AII>iuroM,  Flea,  Hedgehog. 

Ag»,  M..le. 

Bal,  Guioeii-pig. 

Bo^  ftiwU 

Bt%«  Horse, 

Movin  of,  lUnrcit-htig, 

Clrisili%  Oniitlim-1ivnoliu», 

Cat,  i*artriilfre. 

Dog,  PoacDck. 

Elftglo.  Pediculi  hnnuuit, 

Fle«,  lUiU  Kg. 

Bed,  Pigeon, 

Cat,  Phiimuil, 

Dog,  Rabbit, 


Some  very  minute  insects,  termed  Apkidex,  ore  abutHknt 
on  most  plant?,  the  leaves  of  which  they  i*|K:cdily  injure  And 
dejitror;  otlicrs  again,  to  which  the  term  Ct/nifts  haa  been 
aasigned.  are  the  enmie  of  certain  excreaeencea  on  the  leaves 
of  plnnt«  and  trees  termed  galls.  The  well-known  uak-apple 
is  producinl  by  an  in^^et  termed  the  Cynip^  qnereu^  r  iiiOBi 
oxquieito  object  when  cx:unincd  by  rcf]i>ete<I  light;  the  aaiM 
al^  '     <«aid  of  the  in!K>cl  from  the  gall  uf  iIh!  nMC     Id 

o^i  ^'Ct  tito  C'ynip*  from  tln'.«*  utmclure*,  they  ahoukl 

lio  gathered  when  ri}ic,  and  phu-cil  in  a  box  ooTvred  with 

l«0^sr»rM«   DritiiHtu*,  l>T  tl.  Dmnr.      Lanilun,  184S. 
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gaiizc ;  in  a  few  days  or  weeks  numbers  of  ineocts  will  e8ca|)o 
ftora  the  guW,  from  a  eingic  uik-upple  huu(lj\.>Ud  luivc  hcen 
known  U*  uuiku  their  appenrana;,  anil,  pi;rhnp!>,  only  one  in 
every  tax  will  cxiiibit  beautiful  colours,  the  otlwn  being 
block,  theso  may  be  rejected,  as  they  exhibit  no  remarkable 
structure.  Tlic  culuui*eil  ilica  from  gallit  of  the  following 
treea  may  be  procureil  vcrj-  readily,  and  are  amongst  the  most 
beautiful  of  tlieir  kind: — 


Cynips  oflbti  Aah, 

Omk, 

Row, 

Syetunore, 


Ajiltis  of  the  (jrniaiulu, 

Hop, 

I'oUUi), 

ILoee. 


I 


Another  tribe  of  minute  lusucta  ia  known  by  the  name  of 
Acari,  of  these  the  cheese-mite,  with  its  eight  Iqjs,  U  the 
meet  familiar  example ;  gencmlly  Apeaking,  these  burrow  into 
the  sort  parts,  and  ore  only  occasionally  found  on  the  aurtaco. 
One  species,  A.  scahiri,  is  pecuUiir  to  the  human  ftuhjeci,  and 
oUiera  to  pai-^rular  animuis.  With  the  Acari  may  be  niiticiHl 
another  parasite  occurring  in  the  sebaceoum  foltieles,  that  in 
man  being  called  the  I^ntosoon  fiAUvHhrnm.  The  subjoined 
list  will  give  the  named  of  a  few  spceimens  of  IkjUi  kimls : — 

AcuiH  AUturatiiUii  (iLtnrtut'bug),      Entoxoon  folUculonuu  (Uon), 

domoMlirm  (Cbec9M.-niite),  (llnnc), 

»e*tuc!  (Itcb-Uuvirt),  (I)d0)- 

MttJiml  of  ol/UtiniNf/  Ihr.  Arartu  gcaltiri  or  ftch-irurct, — 
Many  per^tiua  liaviug  go  otlen  failed  in  procuring  llic  Acari 
from  tlie  dtscnso  called  i/c/i,  and  those  from  the  little  black 
spots  abjut  the  fiiee,  ternuHl  nmr,  have  been  letl  to  doubt  the 
existenec  of  thcdc  minute  ervalure^  on  wluch,  account  it  ha^ 
been  deemed  neceainary  to  give  a  few  hints  Itow  they  may  be 
best  obtained.  In  llie  case  of  the  ileh-iuetfct,  Acarua  licubiei, 
the  operator  must  examine  carefully  the  parta  surrounding 
eaoh  pustule.,  an<l  he  will  generally  Hnd  In  the  early  stage  of 
tlic  dlijeaw;  a  red  spot  or  line  communicating  with  it;  this 
part,  and  not  the  pustule,  must  be  probed  with  a  |K)inte<l 
iii:<trumcnt,  and  tlie  insect,  if  present,  turned  out  of  ilti 
lurking-pkicc ;   the   operator  must  not  be   djMippuinted   by 
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repeated  failures,  aa,  in  the  best  nuirked  cases,  it  U  oftea 
cult  to  detect  the  haunts  of  the  creature ;  when  found,  h  ar 
be  mounted  in  aonie  of  the  preservative  fluifls — (be 
perhaps,  will  answer  the  best. 

To  obtain  the  Entozoan  /olUcuIorHm,   it  is   oeocsawr 
choose  aumo   B|K)t   where   the    ecbaccoui!    follicles  ire 
abundant — the  forehead,  the  nose,  and  the  an^es 
the  now  and  Upt<,  being  the  regicms  that  should  be  selvri 
if  a  part  where   a   little  black  epot  or   pustule  is  ieen, 
squeezed  rather  bard,  the  R-lmceous  or  oily  matter  »camt^ 
lated  unaattirally  will  be  forced  out ;  if  tliiii  be  Liid  on  a  ifiAe, 
and  a  small  quantity  of  oil  abided   to  it,   so  as  to 
the  harder  portiouft,  the  in^tccts^  in  all  probalnfi^,  will 
floated  out ;   after  the    addition   of   more    oil,  they  ma;  U 
taken  away  from  the  sebaceouA  matter  by  means  of  s  fiai- 
pointcd  sable  pcDcit-bnish,  and  transferred   to  a  dean  slide. 
where  they   may   Iw    covered    over    with     thin    glus,  ui 
mounted  in  the  UBual  manner.      The    Kntozoa  are  nun 
abundant  in  the  skin  of  some  pereona  than  of  others,  but  tbm 
w  rarely  an  inatanco  where  many  black  spotd  ore  seen  sboiB 
the  face  or  ibrchcad  from  which  they  may  not  be  obtsised 
after  n  careful  search. 

Another  apccita  of  Acarua,  termed  the  .4.   aHttatumlu^ 
harvest-bug,  is  very  common  in  the  autumn ;    these  i 
cmwl  on  the  »kiii.  and  ini<inuato   themseJves  into  it  at 
roots    of    the   hairs,    where   they   occasion    a    very 
irritation ;  if  these  parts  be  examined,  a  number  of  min 
red  8[K)t8  will  be  seen,  from  each  of  which  a  reddish  .icarw 
of  small  aiicc  may  be  dislodged  by  means  of  a  needle  or  otii^^ 
&har[>-iM>intcd  instrument;    this  can  be  best  seen  in  fluid,  n^M 
the  structure  of  the  darker  kinds  may  even  be  satis&ctorilr 
made  nut  when  mounted  in  Canafla  balsam. 

Another  Acarus,  and  one  which  for  very  many  years 
been  the  great  source  of  deUght  to  young  obeervcrs,  is 
^.  domeslicwt,  or  cheese-mite ;  this  may  he  well  shown  eith 
as  an  opaque  or  a  transparent  object     As  mites  can  be 
readily  met   with   alive,   it  is  hardly  necessary  to  motm 
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specimen;  if,  however,  it  be  repaired  to  do  so,  the  glycerine 
will  be  found  the  be«t  fluid  for  the  purpose. 

Scala  of  Insects, — These  minute  bodies,  familiarly  known 
as  down,  were  first  <UacoTered  and  described  by  Leeuwenhoek ; 
in  more  modern  times,  the  Hues  on  their  surfaces  have  served 
u  objects  for  testing  the  defining  powers  of  angle  lenses, 
doublets,  and  achromatic  combiiiation&  The  scales  having 
the  greatcaL  number  of  lines  io  a  ^vcn  space,  and,  therefore, 
the  most  diflicult  to  define,  are  accurately  represented 
in  plates  7  and  8,  and  a  full  description  of  the  siunc  will  be 
found  under  the  head  of  test  olQcets.  In  order  to  examine 
them  to  the  greatest  ad^'antagc,  they  should  be  mounted  diy, 
aflcr  tlic  plans  described  at  page  314,  and  exhibited  by 
figs.  '212-13;  the  scales  are  readily  removed  from  the  wing  by 
merely  pre«»ing  tlie  ktter  very  gently  upon  an  ordinary  slide, 
or  upon  a  piece  of  thin  glass,  to  which  they  will  adhere  finnly ; 
tliey  may  then  bo  covered  up  and  cemented  in  tlic  wiumcr 
previously  recommended  for  dry  injects,  or  as  shown  by 
figs.  212-13.  The  aooles  from  Uie  wings  and  bodies  of  the 
lullowing  insects  will  exliiblt  many  varieties  of  markings,  all 
of  which  may  be  employed  as  tests: — 

AlociUi  hcxntlACtyU,  Podunt  plumbca, 

Cureolio  iatporisUi,  Folyonuiialiu  Arkno. 


Cost, 

Acifl, 

Ujp[iarv)ii>  juurm. 

Adonin, 

LufitM-uiipa  <[aercu», 

Alexift, 

Lcptams  ticchftriiuu 

Aigiu. 

Morpho  Menelaw, 

Argioltii, 

PapitiM  I'^riii, 

Tltusa  vefttaiulti. 

Spiradfs  tuul  Trachea  of  Insects. — l*he  method  of  preparing 
the  trachcic  and  spiracles  of  insects  has  already  been  described 
at  Jtoges  361-2;  they  may  be  examined  in  tdtu  in  many  of 
the  parasitic  insects,  in  otheiB  the  aid  of  dissection  is  nei^e^ 
sary  for  their  due  display.  It  most  be  borne  in  mind,  that  if 
they  be  mounted  in  l>al8am  they  show  best  when  full  of  air. 
The  following  larvu;  and  |»erfect  insects  will  exhibit  the 
trachccc  and  spinicles  in  a  very  beautiful  manner: — 
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Bro» 

l,'fIltl|licJCf 

Lm-vit  oi*  Blow-fly, 


Trachvr, 
Blow -fly. 

Larva  of  Otelcchn/trr, 

DyliiTia, 

Gumi-mtith, 

'      i^Ukwunu. 


Stinffx. — Ail  the  appamtus  by  which  the  poisonotu  noattcr 
is  eecretcdj  and  the  ducts  by  wliich  it  \b  convcywl  to  Uir 
sting,  m  well  ilh  the  sting  it^df,  arc  best  showti  m  flaid,  bat 
ris  the  dissection  of  these  deUcate  parts  roquirea  virry  c«»d- 
Biderable  care,  the  plan  of  drying,  and  then  mouulliig  Oitm  in 
bnleam,  ie  more  commonly  practised ;  the  aubjoijicrd  Htit  will 
point  out  tlie  best  inaecta  for  the  purpoae: — 

Bws  Ichrn^miiun  fly, 


SttrmachB. — In  gome  meceta,  euch  as  the  liee^  the  nutiificsi- 
tions  and  amstomoaea  of  delicate  trache^p  may  be  sbowrn  upon 

the  thin  wr-U?  i»f  ihi.y  visrn.-^:  hi  otlicr-^.  lln"  L'hiTulutjir 
structure  of  the  orgiiii  Is  well  seen,  whilst,  in  :i  few,  the  tritu- 
ratiiiLT  :il>l>;initii!r,  or  ^i/-/-:ii(I,  sitiiiitcd  ut  that  |>art  nt'  the 
junction  of  the  stoniuch  with  the  intestine,  called  the  pvhinis. 
nijiv  he  well  exiiiliited.  The  insects  iianied  helow  «ill  show 
all  these  [)arts  to  advaiiitafi;e,  and  arc,  therefore,  the  best  for 
dissection: — 


1 


n.T. 

(Vii-ki't  (roiiinioii). 

Si. 

|ili_vliiiijs. 

JU.m-lly. 

Mule- crii'kft. 

St; 

--IhtiK-. 

Curkniaili, 

I)v(ii'ii>  iii;iL-jriiiiilis, 

W" 

1S[>. 

liesiiles  the  parts  of  insects  already  nllnded  to,  there  arc 
other  important  (,)rj;ans  that  re([nire  a  separ.ite  mention,  such 
as  the  tivipositors  of  various  Hies,  tlie  s])innerets  of  spiiK-rti,  tin- 
jaws  uf"  the  locust,  and  other  orthopteni,  tojrethcr  with  manv 
reniarkahle  structures  that  will  fall  in  tiie  way  of  the  inimiie 
dissector.  The  insects  in  Avhich  the  ovipositor  can  be-  well 
seen  will  be  here  emuiierated,  as  well  as  some  other  parti*  ot' 
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llio  Miinc  intorcstiiif^  oIash  of  uniiiuUtt,  tliat  wiJl  aaipl^  rcpnv  a 
corcrut  cxnnunntion  ami  d'liwwilion : — 


Ovt|N«iior  urCic*'lii. 

Cynips  i]uorcu&, 

Drfiui'-tty, 

Fii-lil-ciiikct, 

^~^~         Ichneiitiiiiii, 

Saw-Hy, 

SjiiDneKt  of  Spiileri 


VVi-h  or  CluhlonA  axntx, 
Jhw  of  l.octut, 

Ituusr-oricktH, 

MantU, 

Drum  of  Cit'iuli, 
FilcofCTuli.^ 


PREPARATIONS  FROM  THE  HIOREB  AX1MAL8. 

Blmnl* — To  examine  this  vital  flujJ,  it  is  neceswary  to  pUcc 
upon  a  glo^  bIMu  a  fiinoU  dnip  recently  taken  train  Uic 
anitiitil ;  a  cover  of  mica,  or  of  the  thinnest  glass,  vbould  be 
laid  over  the  drop,  wliicrh  ia  tlien  ready  to  be  viewed  with  the 
bigliCHt  jKJWcr*.  If  it  be  required  U>  reserve  a  specimen  for 
future  examination,  a  very  small  quantity  should  be  spread  in 
tlie  ihimieat  poaidble  layer  uiHin  a  gla«a  slide,  which  is  then 
to  Ih!  [laased  rapidly  bnckwnrdg  and  forwards  thnmgh  the  air, 
BO  oji  to  dr}-  the  blood  as  quickly  as  [KMBiblc,  whc-n  the  discs 
or  corpnsetes  will  be  found  to  kjivc  altered  hut  little  in  shape : 
in  order  to  prevent  tlie  prepii-ation  from  being  injured,  or 
even  nibU'^1  otf,  a  cover  of  tlu  line«t  };lafld  aliouhl  l>u  liuil  over 
it,  and  cemented  down  in  the  manner  described  at  page  313 ; 
a  specimen  mt  motmted  may  be  kept  for  yeurrt.  'Hie  following 
vertebnite  animaU  will  exhibit  tlic  most  mnrked  peculiiiriliee, 
tlic  corpuscles  bein^  lai^ci^t  in  reptileit  and  fitdics,  and  smallest 
in  birds  and  maimnul»: — 


FakrM. 

Bir4*. 

BrpliU: 

Erf. 

CrttlllUUt)  fowl. 

Cnjcwlfle, 

IVnh, 

GlllM(>, 

Frog, 

StJiiion, 

Ofttricl), 

GrcTQ  lic«rOt 

Skat4.>. 

Swolluw. 

Ntiwt. 

*  Tbow  who  may  wiab  lo  Ivom  Uio  eoio|iantivo  mscs  of  Uii-  bliMxl 
oori>Uf('lc«  in  tht>  vcrtt'lirnli'  uniiimlA,  nlHmld  cttiuult  the  valuslilc  uhlc  nf 
Mr.  GuiliTiT,  piililishtnl  in  llie  vln.  number  of  the  I*nMtniimg»  of  Iht 
ZnHiUiffieai  Soctetjf. 
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'  portiotis  of  the  ethiuOKl  bone  will  often  reqiure  no  prcpani- 
tioQ,  being  Bu3icieutly  trumtpu'eut  fur  all  purpoee^  uf  ejuimi- 
nation, 

»Bcflide8  the  above  described  specimens  of  recent  bones, 
there  arc  others  found  m  the  fostul  state  that,  when  cut  and 
|M)Uahed,  will  exhibit  their  intimate  structure  as  well  as  the 
fresh  iipecimens ;  they  are  generally  prejMired  iu  the  same 
manner  &&  tlic  foeaU  woods  before  noticed ;  others,  when  very 
■  opaque,  may  be  entirely  mounted  in  balsam,  llie  subjoined 
list  will  afibrd  the  itanieii  of  a  few  nninuds  in  which  the  most 
interesting  structures  may  be  found : — 


I 


Bear, 

IcthyoMunu, 

PleMOAaunui, 

Dinomu, 

IguaiiDiluti, 

l'terodactjl(\ 

KU, 

MaimuiiUi, 

lUiuioc«ro«, 

Ilijipojiotaiuas, 

Mistotluu, 

WbJe— rib, 

Ujmut, 

Man, 

car-boae. 

Tetth. — Ijike  bone,  these  require  to  be  mailc  thin  and 
polished,  in  the  maimer  deecribcd  at  page  329:  but  the 
operation  is  very  difficult,  as  the  majority  of  teeth  are  sup- 
plied with  a  coating  of  enamel  of  flinty  hardness.  As  tliere 
are  three  distinct  elements,  viz.,  the  cement,  the  ivory,  and 
tlio  enamel  entering  into  the  formation  of  mo(<t  teetli,  it  will 
be  necessary  that  the  sections  be  made  in  many  directions,  in 
order  to  arrive  at  a  true  knowltdgc  of  the  formation  of  each- 
In  the  following  list  will  be  given  the  names  of  a  few  of  the 
animals  whose  teeth  exhibit  some  wcll-marked  points  of 
structure : — 


Fuket. 

Shartc,  CiirrbanMi, 

Mammalji. 

Cal-fiab, 

Ljuuuil, 

Amuuliilii, 

C'od-fisfa, 

Saw.fioh, 

Ab^ 

Cooger-rel, 

Wolf-aab. 

Boar, 

Common  t<el. 

Il«-liT4*r, 

Halibll^ 

lifpHitt. 

llov. 

I«e(iw]mti-u», 

AtligAUM*! 

Cat» 

Myliobatws, 

Boo. 

Deer, 

I'lUTOt-fisb, 

Crocodile, 

»Of, 

I-ik... 

Ig  liana. 

Dugung, 

PUii< -UamicutU, 

Eleptiaul, 
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ifammtU*. 

Iljdena, 

Rolf 

Fox. 

Ivnngoroo, 

Sbec^ 

Ihtne, 

Lion, 

Tiger, 

lltitiiiin,  ailiilt. 

Mouse, 

nlta]t^ 

f«tiJ, 

Ox, 

Fossil  TW^A,— These,  like  tlic  fossil  wowls  and  bones  bcfort 
lijiuieil,  may  hi;  inauutc'd  ou  slide:4,  with  ur  wiUiaut  beting 
covered  witli  Caoiidn  balsam;  niuny  uf  them,  Iwwevcr,  differ 
hut  little  fruiii  tlie  recent  dpecimene,  hut.  tliuiiu  nf  i.*xttt>ct 
racca  of  animals  cxbibit  some  very  rcnmrkable  pcculJariuuA, 
and  sliould,  in  all  cases,  be  carefully  examined,  aa  troiu  the 
structure  of  a  tootli  alone  tlic  cla^  of  an  uniiuol  Las  more 
tlum  once  been  determined.  Thot<e  who  wuuld  wi^di  to  enter 
nunutely  into  the  examination  of  recent  and  fossil  teeth, 
should  consult  tlie  adminihle  OdontiM/raphy  of  l^mfcnwir 
Owou.  A  few  intci'ceting  ripccimcos  Mi'  the  teeth  of  di0ereiu 
animals  are  here  cnmucraied : — 


Btar, 

leth_vf>«nonis. 

MyliutMlea, 

Dcndrndus, 

Lii))_vriiitlioili>ii, 

Flt»iaBiiunts, 

Elyvna, 

Miuttodon, 

Shark  (luauy  sprtaes). 

SIielL — The  structure  of  shell  has  only  lately  attracted  Cbo 
attention  of  mieroscopists,  but  «nce  the  year  1842  thr  subject 
has  l>eoD  iicientitically  investigated  by  .Mr.  Bowirbiuik  and 
Dr.  Carpenter;  lo  the  hitter  geDtleman,  more  esix'ciully,  we 
arc  indebted  for  several  valuable  pupors  in  lite  TrartMictiams  of 
the  British  Association^  tu  which  the  autlior  bi^  to  refer 
those  who  may  wish  to  enter  fully  into  the  subject.  The 
nictbud  ul'  prejKiring  these  interesting  structures  fur  cxanuna- 
tion  has  idrcady  been  detailed  at  pa^rL*  3.11,  it  only  rcoraio* 
to  give  a  list  of  tlic  genera  and  species  that  sliould  he*  sclectcJ, 
in  order  to  cxliibit  tlie  pnuci|>al  [>ecidiaritie»t  in'  structure  ■• 
deticribcd  by  Dr.  Carpenter;  tliese  art;  as  Ibllows: — 


Aostuui  ulm, 

AtuMiita  c*[ilii|ifMUiii, 

Aviculft  uiarpuiuc't'a, 

Etlii'iio, 

(ifi'villin, 

llolioui  sfiJeiMlui*. 

Ui|ipurtt«, 


Lima  srnlirK, 
Lin;;uln  miattnii, 
&l;ili«-ufi  iJIjiu, 
Mjrik  An-tiiirin, 
OsUra  ctluln, 
i^cmm  i-pbipfHoni, 
Piasa  aqiuuMwu, 


Pinnii  marina, 

BJgriniL, 

fibn«oC 

Flt-ururliyurliBji, 

T<-n*ttnMttU. 

Trigtioiii, 

L'uio  oocid«n». 


CLASSIFICATION  OF  AMHAl.  PUKI'AUATIONe.  429 

Resides  the  etnictiirc  of  tho  eliclU  of  the  moUuscous  animals 
I  before  enamcratod,  thero  are  others  belonging  to  the  claascs 
of  Echinodcrrnata,  Crustacea,  nnd  Ceiihalopodii,  tlint  require  a 
M^purnlc  mention ;  thin  sections  of  these,  in  different  directions, 
arc  prc{):irtHl  in  the  enme  iimnner  na  tIioi>c  of  Khell,  which  they 
have  been  said  somewhat  to  resemble  in  their  minute  struc- 
tuml  ftrmnf^omenta.  The  most  interesting  varieties  are  mcn- 
tioacd  in  the  following  Uat: — 

llfleninite,  Cuitlf^btme,  ronbicrinitef 

Cidoris,  iipinc,  Echinus,  spine,  Pmirn, 

Cmb,  rod  p*rt,  liieU,  Shrimp, 

—    blvk  part,  Encritiitc,  Spatiin^uj^ 

Craj-fisli,  Lobster,  SliLr-liali. 

Tlie  Btnicture  of  the  spines  of  the  Cidaria,  and  many  other 
Cacs  of  1-jchinodennata,  form  some  of  the  moet  ticautifiil 
objects  thnt  have  yet  been  cxhihite<l  by  the  microscope;  they 
are  so  very  brittle,  Uiat  tlic  greatctit  care  is  required  iu  grinding 
them  down ;  the  method  deecribcd  in  page  332  for  delicote 
epeciment*  of  bone  ujid  teeth,  should  bo  the  one  adopted,  nnd 
to  preserve  them  from  injury,  and  at  the  same  time  to  display 
nil  the  peculiarities  in  tlieir  arrangement,  they  should  be 
mounted  in  Cannda  balsam;  some  of  the  very  minute  coloureil 
spines  trom  small  species  of  Kchini  are  interesting  subjcets 
for  examinattoD  when  laid  flat  in  balsam,  without  any 
^  previous  preparation.  Transverse  sections  arc  the  best  for 
■  exhibiting  the  celluliu- arrangement;  the  longitudinal  do  not 
show  much  more  by  thfr  microscopt*  tlian  can  be  seen  by  the 
naked  eye. 

In  bU  the  shell  structures,  in  order  to  understand  the 
urnuigemcnt  of  the  animal  matter,  one  or  mure  sections  in  each 
direction  should  be  subjected  to  the  dccAlcifying  process,  ob 
dei*)cribed  iu  jiogc  332,  the  fu-id  empltiytMl  Iioing  the  hydro- 
chloric, diluted  with  forty  times  its  bulk  of  water. 

Settles  of  Fish. — These  dermal  appendages  may  be  divided 
into  two  classes;  first,  thotte  that  are  mmle  uji  uf  a  horny 
material,  such  as  in  the  salmon  and  carji ;  and,  secondly, 
those  who6c  structure  is  true  bone.  The  scales  of  ilic  uiajority 
of  fislies  belong  to  the  first  class,  but  very  few  species  now 
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remain  of  ibc  second  da&s,  almost  all  being  cxtJuct ;  tlie  Lepi- 
doBteufi,  or  Bony-plkc,  of  North  America,  the  Sturgeon,  and 
Pai]dle-fisli>  arc  the  most  fnuuliar  examples.  A  knowledge 
of  the  farm  ami  structure  uf  ttcjileo,  like  that  of  teeth,  has,  hy 
the  labours  of  M.  Agasstz,  been  ehown  to  aflbid  an  unerring 
indication  of  tin;  partit-ular  claaa  to  which  any  fish  may  bi^loiig; 
in  fossil  fish,  the  application  of  this  principle  has  been  attended 
with  extraordinary  results.  By  Agassiz,  the  scales  have  been 
divided  into  four  orders,  named  Plncoid,  Ganoid,  Ctenoid,  and 
Cycloid;  in  the  firwt  two,  the  iteales  are  more  or  leas  coated 
with  enamel,  whilst  in  the  othera  they  arc  of  a  horny  nature. 
To  the  Placoid  onler  belong  the  cartilaginous  fishes,  whose 
skine  are  citlicr  entirely  or  partially  covered  witli  small  prickly 
or  flattened  spines,  as  in  the  Hkatcs,  d<^-fish,  and  sharks.  Of 
the  Ganoid  order,  once  tlie  moat  numerous,  only  a  few  living 
representatives,  such  as  the  Lcpidosteus,  Polypterus,  and 
Sturgeon  remain ;  the  otlicrt)  are  found  in  the  fosral  state 
alouc;  their  scales  present  a  true  bony  structure.  The 
Ctenoid  scales  are  notclied  Ukc  the  teeth  of  a  comb  on  their 
posterior  or  attached  bordei's,  the  perch  and  basse  arc  excellent 
examples;  whilst  to  the  Cycloid  belong  those  fish  whose  scales 
arc  more  or  less  laminated  and  circular — the  majority  of  our 
edible  fish,  such  as  the  carp,  roach,  salmon,  honing^  &c^ 
afford  familiar  illtistrations  of  tins  order.  The  method  of 
mounting  ^ales  of  various  kiud^  for  microscopic  examination, 
is  generally  in  the  dry  way,  eitlier  on  discs  or  between  gUssea; 
the  former  method  is  the  best  for  .tlioso  to  be  viewed  as 
opaque  objects,  the  latter  for  transparent  ones.  Tlielr  struc- 
ture, however,  is  beet  seen  in  fluid,  when  many  of  them  will 
form  splendid  objects  for  polarized  light;  for  this  purpose  ihey 
may  even  be  mounted  in  balsam.  Frngnients  of  fossil  scales 
of  fish  are  best  prepared  in  the  latter  way ;  tliesc  mav 
generally  be  obtiuiied  from  nmliiles  of  flint,  found  in  particular 
localities.  According  to  the  author  of  the  work  entitled 
Microscopic  Objects,  "  those  from  the  gravel  drif^fl  at  Gilling- 
ham,  in  Kent,  and  the  flint  nodules  in  the  chalk  between 
Gravesend  and  Rochester,^  seldom  fail,  when  broken  into  flat 
pieces,  to  yield  an  abundant  supply.       \  few  of  the  most 
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striking  examples  of  the  four  orders  will  be  found 

joined  list: — 

PUwifid. 

Oataid. 

Dog-fi^li, 

HMMT-filk, 

Rmy  (spinv), 

Lepidaateiu, 

—  (flhagnvn). 

Polvplcrua, 

Sbarlc,  Squitliui  gkleas, 

Sturgcoo. 

BBmroer •headed, 

Port  Jackson. 

CgetoiA 

Bleiiay, 

Otnoid. 

Caip, 

B»e, 

Concert 

PercL, 

EcLec^mH 

Pike — Bamotula^ 

Herriag, 

Pope, 

Rnarh, 

Weaver'fidt. 

Salmon. 

Tlic  BcaHes  of  the  eel  tribe  are  amongut  the  meet  remark- 
able that  can  be  selected  for  microscopic  examination ;  many 
persons  consider  tlmt  theai!  6sh  om  without  scales,  in  roiwo- 
qucuce  of  their  being  firuily  imbedded  in  a  thick  epidermal 
mucUB :  in  order,  therefore,  to  procure  them,  a  sharp  knife 
must  be  passed  underneath  the  epidermal  layer,  and  a  portion 
of  this  raised  in  the  same  manner  as  was  descrilnxl  for  tearing 
oCthc  cuticlo  of  plants,  after  some  trials  a  few  will  be 
detached;  tlicy  arc  of  an  oval  iigiirc,  rather  siifler  tluin 
the  scjilcs  of  other  lishes,  and  in  some  parts  of  the  skin  do  not 
form  a  continuous  layer.  ^Vlien  the  skin  has  been  strip^ted 
oil',  previous  to  the  fi-sh  being  cooked,  tlic  sralts  may  be 
obtained  from  the  under  surfbec,  by  tearing  them  away  cither 
with  a  knife  or  pair  of  forceps.  The  scales  of  the  Viviparous 
Blenny  ore  of  a  ctniiilar  figure,  and  situated  under  the 
epidermal  Iiiycr ;  they  have  been  described  by  Mr.  Y'arrell  as 
mucous  glauds,  in  consequence  of  their  figure  and  the  small- 
nees  of  their  nmnbers.  The  surface  of  the  eldn  of  this  fish, 
when  fresh,  appears  covered  witli  fulUcles;  if,  however,  a 
knife  be  passed  underneath  one  of  these,  a  delicate  circular 
scale  will  be  removed.  A  portion  of  the  skin,  when  dried, 
will  exhibit  the  scales  to  great  advantage,  and,  like  those  of 
tlie  eel,  they  fonn  beautiful  objects  for  ^lolarized  lighL 
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Rhafaam 

le  frtnio^l 

L     VnM 


Nairs, — Theae  are  Tcry  readily  ubtaincd  from  a 
uniinals,  their  presence  may  even  be  detected  in  the  wlmlr 
(ribc  when  yoiinjr.    Tlic  smaller  kind  of  Iiairs  may  be  mtmsurd 
either  dry  or  in  fluid,  when  of  a  dark  roloiir,  Canada  hafaam 
is  to  be  preferred ;  to  obtain  a  satiafuclory  view  of  tlie 
turc  of  lar^c  hairrt  and  spines,  horizontid  and  verricnl 
••honld  be  made  by  the  machine  dew^rilHHl  at  i>a{;o  336. 
vioufl  to  being  mounted,  tlic  hairs  should  be  perfectly  cleaned. 
aa  more  or  leiw  greasy  matter  is  always  present  alwut  then; 
cllicr  should  be  employed  as  the  cleunsin;;  fluid,  the  hain 
being  made  dry  by  pressing  them  between  folds  of  blotting^ 
[mjjor.     Care  should  be  taken  to  select  both  the  hair  and  the 
wool  from  each   animal,   as  they  difl^er  materiallr  in   tbcsr 
structure,  the  finer  kind,  or  what  is  known  as  wool,  bein^ 
endued  willi  tlie  proi)erty  termed  felting,  whieh  property  vnric* 
in  different  species  of  animals,  tliat  of  the  licaver  and  nuiiia 
|>osseii&in^  it  in  Llie  highcot  degree.     All  liain  arc  ccuupowd 
of  an  aggregation  of  epithelium  cells,  and  the  colour  dcp 
upon  the  quantity  of  pigment  dcjtosited  in  or  aliont  cadi 
on  th]t«  account,  some  oi'  the  mubt  delicate  ba%'e  bevn  ttfod 
test  ofijerUf  B|>cciincn8  of  whieb  are  figured  id  plate  6,  and  a 
description  of  each  given   in  the  chapter  devoted   to    that 
Bubjc'Ct.      Hair  is  employed  in  most  coses    as   a  ppotectiTB^^ 
coating,  in  otlicra  as  an  organ  of  touch,  whilst  in  a  still  feiri^H 
number,  when  occurring  in  the  ebiij>e  of  spines,  it  servuA  the 
purpose  of  a  M'eapnn  of  defence ;  of  this  latter,  the  horti  of  like. 
rhinoccnis,  the  quills  of  the   |x>rcupiue,  tlic   spinea   uf 
Diodons  are  familiar  cxamplets  they,  like  scales  and  fcathc 
being   luodiiicatioiu  of   the   denuid  i>keleton.     'Ilie    nuaoi 
structure  of  the  hairs  of  difterent  epecies  of  tho  sunc  g«oi 
or   family  ia  so  coustaut,  that  a  pnirtitied  eye  can  rcM^i 
disc-riminatc  between  them;    several  valuable  papcre  ua 
subject  have  been  published  by  ^Ir.  Busk,  in  vols.  i.  aod 
of  The  Mtcmtar/iir  JournaL    A  list  (»f  many  renuirkable 
of  insects  and  Crustacea  has  already  bcLn  given  at  page  4U 
'J1ie   folluwing  :minials  will  exhibit   the   iiK)«<t  citamcl 
specimens  that  can  be  obtaiiuvl  from  iht;  vertebrate  rlajwcs:* 


puwd 
[ie«^ 

lod  dl 
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Ant'^Mitr, 

Umntn, 

Ontitborhjmchnt, 

Uiit  (vuriuus  9peci«s)i 

(foBtel), 

OtUT, 

Bat,  bidisn, 

Nepro, 

Porcupine  (qoUl), 

BeiTor, 

Molo, 

tUltlut, 

Dormnuai', 

Mouse,  conunon. 

lUui-di'cr. 

Eoliidna, 

iihrpw. 

Scd, 

Eli'pbnat, 

Squirwl, 

Elk. 

Klimk-ik^ifr, 

Tijjer  (wliuk4>r). 

Hare, 

Kutrin, 

Wdrns  (whi>kvO. 

lIc'tgL-bog  (ap'uic). 

Opn-isnin, 

Wator-rnt. 

In  adcUtioD  to  the  outiculnr  appendages  above  noticed,  tlieiv 
lire  otticrs  that,  although  not  strictly  belonjjing^  to  the  «crica 
of  hairs,  ore,  ncvcrthtiletitt,  coni|x>scd  like  tliein  of  a  horny 
material;  in  this  list  may  bo  included  the  varioiu  kinds  of 
horn.s  hoofs,  st-aJei^,  i|uillf!,  and  wlialehone ;  all  these  will 
require  to  be  cut  into  thin  transverse  and  longitudinal  sections 
by  tlie  luacliine ;  the  darker  s[>ecim<!ns  i^hould  be  mountiHl  in 
balsain — the  trausfHirent  ones,  dry ;  they  all  exhibit  more  or 
less  of  a  cellular  structure,  and  are  objects  of  great  beauty 
when  examined  under  jtolarized  light: — 


Horn — Ant«lopc, 

—  Ibex, 

—  Ox, 

—  RbinoMTo*,  Africaii, 

—  Indian, 

—  Sbeep. 
Hoo/— A», 

—  Camel, 

—  Klepluuii, 

—  Horse, 

—  Ox, 


ffo*!/"— RhiDooerai, 

—  Shoep. 

Quiil—Ctuatmiaj, 

—  Duck. 

—  Eagle, 

—  Gucae, 

—  Turkfj. 
H'/taUboiie — Great  whiilo, 

Pikwi  nhnln. 

SeaUa — Fanjiollii. 

—  Turtle. 


Skin, — In  order  to  understand  fully  the  ports  which  hair 
and  feathers  play  in  tlie  economy  of  vertebrate  animals,  it  u 
necessary  to  become  acfjuaiutcd  with  thu  etructurt!  termed 
iAi»,  in  wliich  they  grow.  Their  purpose,  in  tlie  majority  of 
cases,  is  c\-idcntly  protective ;  in  binls,  however,  many  of  the 
feathers,  especially  thcwc  uf  the  wiugs  and  (ail,  ore  employed 
in  flight,  whilst  the  spines  of  the  porcupine  and  hedj;ehog  are 
weapons  of  defence,  and  the  whiskers  ol'  the  tiger,  cat,  and 
28 
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nimivora  are  orpnna 
witli  botli  blocxi- vessels  nmi  ncn'cs,  whicli  are  (lUrributcil  uimiu 
a  Itighly  organized  pulp,  like  that  ot'  the  teeth.     In  wmi: 
nnimfils,  such  as  fish,  the  ekin  is  not  very  Tascular,  whIUt  in 
the  iiiamiuatia,  and,  per1m{>8,  in  the  huiuaa  subject,  it  altains 
the  highest  etate  of  oi^nizntioa.    The  hatrs  which  grow  from 
the  skin  arc  developed   fi-om   the   cutieular   laver,    and   are 
clothed  with  a  horny  epidermis;    in  those   skins  where  the 
sense  of  touch  is  very  acute,  the  hairs  are  ahsciiit,  their  ]ilaoe 
being  supplied  by  highly  vascular  {mpilhc,  n-hleb,  in  soiin 
instanecs,  are  covered  with  homy  matter,  in  the  shajK?  of 
aud  hoofs,  or  are  merely  invested  with  a  dclicutc  cjiithc 
layer,  ae  in  the  case   of  the  Itpa  and  mouth.      The  sidn 
performs  a  function  in  the  aniinid  economy  second 
iiiipoi-tunce   to  that  uf  tlie   lungs,  and  for  t^io   pi 
supplied  witli  a  very  rich  capillary  net-work,  and  also  proi 
with  two  or  more  seta  of  glands,  one  for  secreting  the  |>ei 
nilory  Huid,  the  other  au  uuctuous  or  sebaceous  mutter, 
lubricating  the  ekJu  itself,  which  last  is  poured  out  gent 
nt  the  roots  of  the  hairs,  hence  the  anatomy  of  tJie 
presents  to  the  niicroscopist  ud  immense   6cld   for 
investigation.     Taking  the  human  skin  aa  an  example, 
should   commence   the   study    with    verticnl    sections, 
through  j>artB  suppUed  both  with  hair  aud  pap'dhe ;  the  pcrm^y 
ratory  glands  are  best  seen  in  that  of  the  soles  of  the  feet  s^H 
palms  of  the  hand ;    the  sel>aceou3  glands,  on  the  contrary,  ' 
should  be  CAauiiuL'd  in  parts  about  the  face  or  chest,  wl 
hairs  are  numerous;   tliese  latter  sections  will  also  suflice 
showing  the  i-uots  uf  the  hairs,  luid  the  hair  follicles  aa  w( 
The  oiipilhiry  net-work   of  the  true  skin  may  be  seen  in 
injected  specimens  when  the  cuticle  has  been  removed,  which  , 
will  ol^on  require  the  aid  of  maceration  for  the  purjjosc;  ^M 
the  skm  be  that  of  a  bhtt-.k  man,  rai-e  sliould  be  taken  in  tnP 
removal  of  the  cuticle,  as  in  it  may  be  examined  tljc  nrfg 
mw^wMin,  or  last  formed  layer,  which  eonslata  of  a  series  ^H 
minute    hexagonal    cells,    oontnimng    iiigmcut.     The    eum^ 
structure  may  be  seen  in  ilie  skins  of  animals  whose  hairs 
block;    tor  this  purpose  the  lips  of  a  black  kitten, 


diUg, 


■MUtJ, 

wdiT 
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injected,  should  be  aclcctt^d,  &a  in  them  the  mode  of  growth  of 
tlic  yoking  wlxiflkers,  their  copious  supply  of  hlood-vc^sels  and 
nerve*,  uiul  various  other  [Kiintu  of  interest,  may  be  obeenred. 
In  fishes,  the  only  parts  of  the  akin  ycacnLlly  prepured,  as 
luicnMrnpic  objects  are  those  more  or  less  covered  with  scales, 
bencc  may  be  seen,  in  various  lists  of  preparations^  the  skin  of 
the  sole  and  ahftrk ;  in  reptiles,  nlsn,  we  have  the  skin  of  the 
enake,  boa,  and  ^^tnic  lizards,  whilst  in  birds,  except  when 
inj(*cted,  the  skin  offcn  but  few  points  worthy  of  examination 
besides  tlic  feathers.  In  man  and  the  liighcr  manuuolia,  the 
complieatcd  apjuuutiid  of  glands  and  pApillic  are  be«t  examined 
by  vertical  sections;  but  in  order  to  render  tlic  skin  sufficiently 
firm  for  the  purpose,  it  should  have  been  previously  hardened 
in  a  satumtcd  solution  of  carbouutc  of  {>otash,  or  in  strong 
nitric  acid.  The  htiir  foUii'lcs  and  sebaceous  glands  are 
easily  shtiwn,  but  to  di-tplny  the  sudoriferous  glands  is  no  easy 
matter,  as  rai-ely  will  a  sjieoimeii  of  skiu  be  found  that  will 
exhibit  them  and  their  spiral  duct  in  the  whole  of  its  course 
tlirongh  the  dermal  and  epidcnnal  layers ;  it  is  by  far  better 
to  try  the  skins  of  a  nmnber  of  [KT!>ons,  and  select  the  one 
that  shows  them  the  best,  tjian  to  waste  time  by  cutting 
a  scries  of  slices  from  any  one  specimen.  The  papilla:  arc 
b<'st  slioMm  in  tlio  extremities  of  the  fingers  and  tiiea,  when 
injected;  the  cuticle  which  invests  them  should  also  be 
mounted  up  ns  an  object  with  its  attached  or  [upillary  surface 
uppermost,  as  in  this  the  grooves  for  their  lodgment,  t(^ether 
with  llie  openings  of  tlic  audorifcn>uflgUnds,  can  be  well  seen, 
'riio  following  list  will  include  a  few  of  the  must  im[!ortant 
■pcvimens: — 


Vertical  SecHoiu. 


Free  Svr/iKf. 


Acs  (ooni)t 
Boar  (m>Io  vf  Ibot), 
Cal  (upper  lip), 
Doji  (iiji]»fr  liii), 
KiUon  (n[»iMT  lip), 
Man  (tolo  oflimti. 

-  (palm  III' hand), 

-  t»calp), 

-  (f«»), 

S8* 


Man  (axilla), 
Negro, 

Pig. 

—  (nnout), 

—  (ani^ual  phaloni), 
I'orpoiM*  (with  culiciv), 

(wiiboul  culicKOt  Newt, 

Tiger  (appc'J-  lip),  (calkk), 

(whiftkcrinjcrtvtl).       rorpobr. 


Mau  (fH.v), 

—  Oipi), 

—  (tipi  uT  6n^r>, 

—  (cuUfl*'  «f  lingor), 

—  (bark  of  fing^X 

—  (aiw*-). 
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Eyrs. — There  are  mnny  objects  of  prcnt  interest  that  nay 
be  obtjiiDed  Irum  tiic  eyes  of  Turiuiia  aninialEi,  especiully  when 
injected ;  ninon^t  these  may  be  cDiinieratcd  the  strueture  oT 
thp  crystalline  lens,  tlic  pigment,  the  ciliary  proccece*,  th* 
retina,  and  Uic  membrane  of  Jacob;  but  ob  the  grr-atcr  niiio* 
ber  of  specimens  cannot  be  well  preserved,  so  a«  to  show  tluir 
chai'acteristie  peculiarities  the  present  li»t  will  only  inehide 
those  which  do  not  alter  by  any  of  the  difli-rent  mode*  t£ 
mounting.  The  Rtnictiire  of  the  cryetaUine  lena  in  fiali  U  best 
seen  after  the  lens  itself  haa  been  hardened  eiither  by  drving, 
by  boiling,  or  by  long  maceration  in  spirit;  after  having 
peeled  ofi*  the  outside,  tlic  more  dense  interior  will  be  found 
to  split  up  into  concentric  lamina%  ami  each  lamina  will  also 
be  found  to  be  composed  of  an  afjfp-epation  of  toothed  fibm: 
these  are  best  seen  when  mnuntcil  in  fluid,  but  if  dyed,  ther 
will  show  vcr>'  well  in  balsam.  The  pignicnt  is  eaudly 
obtained  by  opening  a  fresh  eye  under  water,  it  may  then  be 
detached  as  a  separate  layer,  and  iwrtions  of  it  floated  on 
glasses  to  thy,  after  which  they  may  be  mounted  in  lialoim. 
The  ciliary  pmccsscs  are  best  seen  when  injected ;  they  should 
be  mounted  in  a  convenient  form  of  cell,  with  fluid,  and 
viewed  as  opaque  objects,  with  a  power  from  tlurty  to 
forty  ilianicters-  The  retina  should  be  examined  in  »  tcit 
fresh  eye  between  glasses,  and  a  little  serum  or  aqacoa* 
humour  adde<l,  to  allow  the  parta  to  bo  well  displayed;  but 
water  must  be  avoided,  as  the  nervoui*  matter  will  be  fouixt  to 
be  considerably  altered  by  it ;  the  mcmbnine  of  Jacob  wiU 
also  require  the  same  precautions  to  be  adopted,  but  the 
vascular  layer  of  the  retina,  whea  injected,  may  be  well  scvn 
after  having  been  dried.  The  following  list  will  ^vc  the 
names  of  a  few  of  the  eyes  from  which  the  most  striking  ttiicci- 
mens  may  be  obtained : — 

Ciiiary  proerttfs.     CryataUine  I.en». 
Cat,  CotI, 


I 
I 


Rel. 
HiTTitrp. 

Sole. 
Turtoi. 


Miui, 

Ox, 

Shf<cp. 


Eel, 

Horw, 

<>x, 

lUbbh, 

SIlMp. 
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Mtuctilar  Fibrtf. — The  mode  of  preparing  tliis  highly  m- 
ten'Jtting  ti^iie  hm  already  been  given  at  page  360,  it  only 
renuins  in  this  plncc  to  add  a  H$t  of  the  animalB  from  whieh 
the  mo«t  instructive  preparatioiu  iiiay  be  prucuix'd.  The 
rapillory  vessels  of  muselc,  ae  stated  at  page  3B0,  nwy  be  seen 
in  the  thin  muticleii  uf  Uic  eyea  of  birds  and  small  uiammalia, 
but  they  ure  beet  studied  atter  injection: — 


li)ow-llv, 

Cod, 

Fowl, 

Crickot. 

Kd, 

Oftricb, 

Dyticiw, 

SAlmon, 

SwoIIdw, 

l>ilisU-r, 

SkiiU', 

Nipu  Miuk  ViseTt 

Slirinip, 

Frog, 

Elephant, 

Ovrtor, 

Newt, 

Uan. 

Snail. 

Sinm, 

Pijf, 

'IVrutinttula, 

Smke, 

WluJe. 

The  above  liat  includes  only  miiwular  fibres  of  the  8tri|>ed 
kind,  or  wliut  are  termed  voluutar)%  in  contradistiaction  to 
others  which  arc  un«tripud  or  involuntary;  amongst  the  latter 
cXiusi,  however,  are  geuemlly  nientioued  the  fibres  of  the 
heart  of  different  ammals;  although  these  have  tnuisveree 
Btrio;,  the  orpin  itaelf,  nevertheless,  is  an  involuntary  one. 
The  mu:i>eiilar  eout  of  the  entire  nliiu<:ntary  eanol,  with  the 
exception  of  the  upper  |wirt  of  tlie  a?*<jpliiigui',  is  wholly  sup- 
plied with  luvultuitury  fibres,  aud  from  any  [>art  uf  the  tract 
specimens  mny  be  taken.  The  fibres,  with  the  exceptions 
above  noticed,  difler  from  those  of  voluntary  mui«cle,  in  bring 
much  SDiuUer,  and  aim  in  the  abseucu  uf  striic  The  subjuiucd 
tiet  will  give  the  localities  of  both  kinds : — 


^'E«)|>Lagu8,  opiMT  (Hut, 

Ileum, 

niii]<lli.>. 

Cwcaiu, 

csnliw:  end. 

Rix-tiun. 

Stmnach,  great  ead. 

Heart,  Utunan, 

pylorus, 

O., 

I>uo(l(.>ninii, 

Tartl«. 

Nearly  allied  to  involuntary  muscidar  fibre,  is  a  fibrous 
tissue  termed  the  yullow  or  ehutic ;  this  is  ulten  found  in 
connection  with  another  finer  and  less  elastic,  and  called,  from 
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its  colour,  the  white  fibrous  tisEme;  a  niixcura  of  the 
known  tu  anatomiata  as  lh<!  areolar  tissue,  and  t>t  bti^'ly 
in  llic  auinuU  economy  ;  it  Ibmis  a  support  for  all  the  vettrii, 
n«rTPt!,  and  miiscle»,  from  either  of  which  it  taay  he  csbIt 
procured ;  the  ycUow  tUsue  is  found  ncArlr  in  on  t9oUte<l 
cundition  in  the  tiganientiun  nurh»t  of  the  necks  of  «aaK 
animals,  especially  thot<e  of  the  nuninating  tribe  ;  it  al«o  enteis 
hu^Iy  into  the  formation  of  the  intervertebral  (llws; 
[wrtion  of  the  ligament  fmra  tlie  neck  of  tlit;  shcrp  or 
even  after  boiling,  will  exJublt  the  ehiatio  fibres  exceedii 
u'ell ;  they  arc  of  nearly  uniform  size,  genemlly  cuHed 
their  cxtreiuitie^  and  of  a  yellowish  colour.  The  foDowii 
aniniaU  will  i^liow  botli  these  tissues  to  the  bo«t  aUvoBtagc:- 


Armlar  tusur. 

Ytlloic  Elutie  Ium». 

C»t, 

Lig.  nucha  of  Gtnkfll^ 

Dop- 

—      o«. 

Mrin. 

Sheep, 

Rabbit, 

RtU'T)  of  inicbea,  Man, 

Shwp, 

KLuiio.  COM  of  arteries. 

le  elastic  coat  of  artencr"  is  composed  of  a  tissue 
like  the  ycUuw  fibrous  above  described ;  it  may  be  very  i 
procured  if  an  artery  be  cut  across  transversely,  and  the 
tral  or  tliickc^t  part  sclectitl  and  se[>anLtcd  into  n^  fine  tibrcfj 
ae  possible  by  means  of  the  needle-points.    If  any  uf  the  aboi 
tissues  arc  required  to  he  kept,  they  should  be  mounted  ii 
fluid ;  the  spirit  and  water,  or  the  creosote  liquid,  will  bo  fouori 
to  be  the  most  useful  for  the  purpose 

Mucous  Memlirarif. — Continuous  with  the  skin,  or  out 
tegument  of  the  bo<ly,  is  tlic  lueuibrunc  tcnned  mucous,  whi< 
forms  tlie  itiveatment  *)f  all  the  internal  piuis,  as  the  akil 
tloes  of  all  the  external,  and  is  even  continued  throuj^h  the 
duets  of  all  glands,  however  trompticated,  that  opctn  upon  any 
part  of  the  surface.  This  membrane  has  two  surfat^ct',  one 
free  and  superficial,  tlie  other  attjwhcd'  or  parenchymid ;  the 
former  is  covered  with  a  layer  of  particles  or  cells  tenncd^| 
ejiithflhnn,  which,  nceordinj;  to  their  situation,  and  to  the 
otiicc  they  [K:rform,  arc  dividctl  into  tliree  varieties,  tlio  ^<calyi 
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the  prisuiatic,  ami  tlic  spheroidal ;  of  these,  the  laat  two  kimU 
arc  flonietimes  provided  with  vihratilc  ciHa;  tho  latter,  or 
under  fiiirt'are,  is  stipiMfrlcd  iipim  a  eiibinucoua  areolar  li^tiUG, 
iu  ^%hic'h  both  tlie  blood-vef>sols  and  nerves  ramify,  hut  do  not 
in  any  case  enter  the  raucous  membrane.  Of  all  the  valiiablG 
discovericB  made  by  the  microscope  in  minute  anatomy,  none 
fjin  evjual  in  imiwrtance  that  by  which  a  true  knowledge 
of  the  atructure  of  tlic  mucous  mcmbmnes  haa  been  obtained, 
for  these  very  important  rcMilta  we  are  mainly  indebtEH]  to  the 
lalNuirs  (if  llcnie  and  iiuwnian;  the  luttur  gentleman  luw 
divided  them  into  twu  {wrts,  viz.,  llic  iMUcment  membrane  and 
epitiieliuui:  the  name  of /^Ufwim/ mfmA;'«n^  has  been  given 
to  the  tii^ue  upon  which  the  epithelium  resta,  and  which 
forms  the  basis  of  tho  strength  and  coheave  power  tliat 
mucous  membrane  possesses;  in  itself  it  ia  stnicturcless,  but 
of  various  degrees  of  tliiekness  in  ditl'crent  luuts,  and  either 
it  or  the  epitbeliuni  is  always  present  where  mucous  mem- 
brane may  be  itaid  to  exiitt.  When  the  »>klu  id  compared 
occurntely  with  mucous  tissue,  they  will  both  be  found  to  bir 
parts  of  one  cxjundcd  membraue,  wltli  certain  moditi cations, 
according  to  the  office  which  each  is  destined  to  perfonn;  the 
epithL'Iium  of  skin  is  the  cuticle  or  epidermis,  but  the  boso 
mcnt  ntcmhnuic,  though  present,  is  not  easily  sliown.  except 
where  the  surface  is  nuscd  into  papillic.  Tlie  mucous 
membrane,  and  Iik  three  kinds  of  epithelium,  form  by  far  tlie 
laigeel  pro^Kirtiim  uf  the  preparations  which  tlic  anatomist 
wilt  find  ncceswry  to  examine,  and  the  same,  when  its 
capillary  system  is  injected,  Iiecomcs  one  of  the  most  beautiful 
uf  any  of  the  chtsses  of  nucro^-opic  objects. 

The  EpUhfUum^  as  has  been  already  stated,  conBista  of  tlirec 
varieUcs,  viz.,  iJie  scaly,  the  prismatic,  and  the  sphernidal. 
The  first  kind  is  seen  most  largely  develo|>e4l  in  the  akin, 
where  it  forms  the  cuUculor  layer ;  detached  scales  may  be 
obtained  irnin  the  inner  side  of  tlie  mouth,  or  viewed  in 
situ  on  the  transparent  web  of  the  frog's  foot ,-  and  tlie  entirv 
structure  of  horns,  hairs,  hoofs,  fcatlicrs,  and  other  euticular 
ajilK^ndages  is  madi*  up  of  It.  The  prismatic,  or,  accortling 
to    Dr.    Tudil,   the   columnar,   is   abundant  throui;hout   tho 
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etomacb  and  intestines,  and  CTen  the  hings;  oacfa  piin^ 
attached  enU-ways  to  the  basement  mcmbnujc,  and 
to  its  tVllowA  by  tlic  nde«,  00  that  thcj  form  a  angle  Inv. 
the  thicknesB  of  which  tlependa  upon  tlw  lungth  of  emah  pen; 
the  attuchtrd  extremity  is  generally  pointed,  the  frc*  cme  wile 
and  flat ;  tlila  Uttt^r,  in  eotne  parts,  is  proi-jded  with  Tihndlf 
(nlin;  tho  best  situation  for  the  cxaminntion  of  these  a  At 
villouti  surface  of  the  small  intestine  of  uiiimaifi ;  if  the  ciEuT 
movement  is  desired  to  be  viewed,  tlie  upper  aud  back  part  d* 
the  Schnciderion  mcnibranc,  or  some  jiortioni  of  the  reepui- 
tory  tnict,  may  be  Milected.  us  In  tlicac  apot«  the  prisnu  are 
clothed  with  cilia,  and  may  be  observed  in  rapid  movemeat 
some  little  time  even  after  the  death  of  the  animal.  The  thiid 
variety,  or  spfteroitiat,  is  to  be  met  with  in  all  glanJnW 
Btructurei^;  and  so  constant  is  its  presence  in  them,  that  the, 
name  of  giandular  has  often  boeo  applied  to  it.  The  parts  ii 
which  it  may  be  readily  examined  are  the  tubes  of  the  etor 
and  kidney;  tlie  secreting  stnieturc  of  tlie  liver  is  aUo 
up  of  it  In  the  two  former  situations,  tho  basement  mem* 
bnmt 
but 
be  detected. 

The  movement  of  the  cilia  was  known  to  the  ohi  micro8Ci>* 
pists,  even  as  far  buck  as  the  days  uf  Leeuwcuhoek,  and  fnim 
that  time  up  to  the  present  has  always  been  ricwed  with 
wonder  and  amazement ;  it  was  first  diacovennl  in 
infusoria,  and  afterwards  lu  some  of  the  small  niollm 
animals;  in  more  motlirii  times  it  has  been  detected  in  all  th< 
higher  classes,  up  to  man  hlmsclil  Those  who  would  wish  to-j 
obtiiin  aeciimte  information  upon  the  8id)ject  of  rllia,  should' 
consult  the  articles  "  Cilia"  and  **  Mucous  Membrane,"  in  th«, 
CyclofKBdia  of  Anatomy  and  Pliysioioffy. 

Methtfi  itf  Viewiny  the  Ciliary  Movement. — If  tlie  roof  r^  thfl  '< 
mouth  of  a  living  fi-og  bo  sernpcd  with  the  end  of  a  scalpel, 
uiul  the  detaclial  mucous  matter  placet!  on  a  glas?  slide,  and 
examined  witli  a  power  of  two  hundred  diameters,  the  cnliated 
cpitheliiuti  cells  may  be  well  seen ;  when  a  number  of  these 
arc  collected  togetlier,  the  movement  is  cficctcil  with  apparent 


vn    lu       111  uic  iwu   luriiivr    oituiLiiuiin,    wiu    unEjciUClll.    racnr* 

ae,  upon  wlucli  the  epitliclium  reals,  can  be  very  well  «eeit|M 
in  the  liver,  where  the  cells  arc  most  abundant,  it  cannot^ 
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re^ilarity;  but  in  detached  ecales,  it  ia  oltco  w  violent,  tbat 
tiiu  iMTHit!  iteelF  is  whirled  about  in  a  similar  manner  to  an 
ftniniidculc  provided  with  a  locomotive  appanitiu  of  the  aame 
description,  and  has  frequently  been  mistaken  for  such.  The 
animabi  more  commoDly  employed  for  the  examination  of  the 
cilia  arc  the  oyster  and  the  mussel,  but  ihe  latter  is  gcuendly 
prufi-rred.  To  exhibit  the  movement  to  the  beat  advantage, 
tite  fuUonring  mctliod  must  be  lulopted : — Open  carefully  the 
»lii']|^  of  one  of  these  molltieks,  spilling  m  little  aa  poMiblc  of 
the  eontaiued  fluid;  then,  with  a  pair  of  fine  8ci8W)r«,  remove 
a  f*mall  ]K>rtioQ  of  one  of  tlie  gilla  (broachiR-),  lay  this  on  a 
slide  or  the  tablet  of  an  animalcule  cage,  and  add  to  it  a  drop 
or  two  uf  the  Huid  from  the  tuliell,  and,  bv  means  of  tlic 
iifedle-points,  separate  the  filaments  one  from  the  other^  cover 
it  lightly  with  a  thin  piece  of  glass,  and  it  ia  rejidy  for  exami- 
nation. Tlie  cilia  may  then  bo  seen  in  several  rows  beating 
and  lushing  the  water,  and  producing  an  infinity  of  currents 
in  it  If  fresh  water,  instead  of  that  from  the  shell,  be  added, 
the  movement  will  speedily  stop,  hcnec  the  nec^awty  of  tlie 
eauliun  of  preservinj;  the  licpiid  contained  in  the  *ihoU.  To 
ob9er\'e  the  action  of  any  one  of  the  cilia,  and  its  form  and  stnic- 
tiirc,  Ronio  hours  should  be  allowed  to  clapiK  ailer  the  prepara- 
tion of  the  fihuuents  above  given,  the  movemeut  tlieu  will  have 
liocome  j^^luj^sh :  if  a  power  of  four  humlred  linear  be  used, 
and  tliat  part  of  the  cilia  attached  to  the  epitlietlum  scale 
carefully  watched,  each  one  will  be  found  to  revolve  a  quarter 
of  a  circle,  whereby  a  "  feathering  moveracut"  la  effected,* 
and  a  current  in  one  ilirection  constantly  prrKlucod.  In  the 
higlier  animals,  tlie  action  of  the  cilia  utu  only  be  obiacr\'cd  a 
short  time  aflcr  death.  In  a  nasal  polypus,  when  situated  at 
the  ujiper  and  bark  part  of  the  Sehneiderian  membrane,  the 
cilia  may  be  bcautil'ully  seen  in  rapid  action  eome  few  hours 
artcr  its  removal;  but  in  the  respiratory  and  other  tracts 
where  ciliated  epitlielium  is  found,  it  would  be  almost 
impossible  ever  to  sec  it  in  action,  unless  the  hotly  were 
o)tencd  immediately  after  dentil.  In  some  auluiidtf,  It  may  bo 
*  Sw  »  paper  In  ttic  author,  in  rol.  ii.  of  TraiuactUMu  of  tkt 
Microtcopten^  Sociftg. 
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Heen  in  the  interior  of  the  kidney,  as  was  first  dbtoovcred 
JVlr.    Itowiuiin,    in    the    expanded    oxtremiLy    of    a     tul>ul< 
Burrounding  the  jiloxiia  of  hlfKiJ-vreseU  fomnng  tlie  ew-n 
Mulpighiiin  body ;   in  order  to  exhibit  the  ciliary  action, 
kidney  U  to  have  a  few  very  thin  slice*  rut  from  it,  and  tlie^e^ 
are  to  be  moistened  with  tlie  scmni  of  the  blood  of  the  fomt 
animal,  the  vascular  and  secreting  portions  of  the  oi^n  may 
then  Iw  seen  with  n  power  of  (wo  hiindnwl  diameters,  and  aks 
the  cilia  in  the  expanded  extremity  of  each  tube,  as  it  puses 
over  to  Hurround  the  veaaclB:    the   epithelium  nf  the  tube* 
themselves  ia  of  the  s|ibcroidul  or  glandular  character.     iSaen 
Mr.  I^twman^H  disoovery,  the  phenomenon  has  bcca  witnesed 
in  other  animals  in  the  same  situation. 

'Hit  liasemeiit  MenJtrane^  as  before  described,  is  structorc" 
loH,  and  not  suppUnI  in  any  way  with  vc&aeU;  the  l)est  placce-^ 
for  viewing  it  arc  tlic  tubes  of  the  kidney  and  stomach, 
and  tiic  \-itli  of  the  Hinall  tnteetine;  in  tlic  skin  and  otherj 
smooth  eurtaces,  it«  presence  cannot  be  so  eatiefactoniy  made ' 
out.  The  exaaiiiiation  of  mui:ous  i^urfaced  and  glanda, 
although  conducted  ^^ith  great  core  by  some  of  the  oariiest 
microscopiets,  did  not  much  advance  the  knowledge  of  thrir 
minute  Btnicture.  aa  the  int<tnimenta  employed  for  the  purpose  ^j 
were  not  suited  for  very  accurate  or  minute  investigntioa.^| 
The  principal  |>oint  arrived  at  by  them  was  the  arran«remcnt  ^^ 
of  the  utpillariet>,  and  u£  long  ago  a^  1736  the  art  of  injecting 
the  minute  blood-vessels,  which  was  diecovercil  by  De  (iraof, 
in  the  year  168R,  had  been  brought  t4)  such  a  high  state  of  ^H 
perfection  by  Huysch  and  Licbcrkuhn,  tliat  the  fame  of  ^^ 
their  productions  already  extended  throi^hout  Europe  ;  but 
however  uiueli  nnatoiiiistfi  hud  nxude  out  by  rough  dis»>ection 
anil  maceration,  it  might  be  «iid  with  truth,  that  nothing 
beyond  the  orningemcut  of  the  vessels  was  suti^actorily 
known  unUI  the  time  of  Boehm,  Boyd,  and  Heide;  to  the 
latt<;r  distiuguiahed  anatomist  wc  are  chiefly  indebted  for  our 
knowledge  of  the  structure  known  as  epithelium.  By  new 
modes  of  examination  and  dissection,  as  well  as  by  submitting 
very  llun  vertical  and  other  sections  to  tlic  high  [Hiwers  of  the 
Uehi'omatic  compound  inicroacope,  tub«  our  present  accurate 
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iindorstantlinf^  of  the  Rtruoture  of  mucoun  inembraiKis  ami 
gUiidH  been  ubtaincd.  Tbu  uicthodja  to  be  adu[ttc<l  for  tlic 
examination  of  mucous  mcmbraoea  in  gcncml  by  the  micro- 
scopt:  will  herv  be  jj'ven. 

Method  of  Kramini/tt/  the  Surface  iff  Muctnu  Mrmftmiu-s, — 
Supposing,  for  example,  th«  specimen  to  bo  pxiimiucd  be  ii 
portion  of  tlic  mucouti  membrane  of  the  £toiom>h  of  uii  aniitiiil 
recently  killed,  the  eurfiice  will  be  found  to  be  covered  over 
by  a  thick  layer  of  more  or  less  viseid  mucus ;  this  should  be_ 
got  rid  of  by  as  fjr^utle  means  aa  poaeible ;  the  beat  plan,  on 
the  whole,  |>erhaps,  is  that  of  allowing  a  small  stream  of  water 
tu  flow  on  it;  or,  if  the  s|>eeimen  be  snuJl,  it  nmy  l>e  pinned 
out  iifHiu  um;  of  the  louilrtl  eoi^u  dedcribed  at  page  350,  aiid 
well  washed  by  means  of  the  small  syringe  also  described  at 
page  321  ;  if  the  epitheliinii  he  rt!(piirf--tl  fur  exaniiiialion,  a 
small  [wrtioQ  of  it  may  be  detached  from  tJic  surface  by  a 
sojdpel,  placed  on  &  glass  slide,  mid  viewed  as  a  tnmi>|)nreni 
object  with  a  {lowiT  of  two  hnndnil  diameteni.  Jtut  if  tlie 
nmcous  mcntbrane  itself  be  required  to  bo  examined,  it  should 
be  done  under  uuter,  the  eite<.'imcn  being  pinneil  out  ou  a 
ItHuled  cork,  and  placed  in  a  tin  trough  with  a  suffident 
quantity  of  that  fluid  to  cover  its  entire  surface:  if  neccssurv, 
the  light  of  an  ar^.ind  lamp  may  be  condemned  ujion  it ;  the 
microai.'ope  to  be  employed  for  the  examinatiou  may  be  one  of 
llie  kinds  sliown  by  figs.  32  and  37 ;  and  if  the  Imugh  Iw  too 
large  to  be  admitted  U]>oq  tlic  stage  of  an  urdinary  com[Htund 
instrument,  that  nrprescnted  by  fig.  237  will  be  found  tliu 
most  conveuieut ;  this  metliod  of  esamtuation  will  answer  for 
specimens  either  inje^'ted  or  not,  and  vhould  be  the  one  first 
adupti'd.  In  order  to  obtain  a  comx^t  idea  of  the  exteroAl 
surface,  sections,  botli  ltori70nt.nl  and  vertif^al,  sliould  after- 
wards be  taken  and  subiuittiHi  to  high  jwwers,  and  when  the 
merabrnne  cnnnot  be  well  cut  into  thin  slices,  it  may  be 
separated  by  the  newlles,  or  by  moderate  pressure  in  tlie 
eoniprcMorimn.  The  plan  of  separation  by  ueedlcs  will 
suecx*ed  very  well  when  tlu-  liibuhu*  |H>rtinit  of  tlie  stomach  is 
very  thick,  as  in  the  nise  of  the  [mrjuiise ;  umny  tubes  may 
then  Ik'  detached  that  could  not  luivc  been  so  easily  se|iiinit<.-«l 
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by  tliin  sections  made  with  the  scnlpel.  The  above  deacribd 
method  of  examiniug  a  inucou»  incinbriiuc,  although  upprn-<i 
to  the  stomach,  nHll  be  found  to  answer  equally  well  for  thul 
of  all  other  parts,  not  only  of  the  JiHmentJuy  canal,  but  «1| 
tnu-ts  except  those  in  which  the  epithelium  is  so  ubundant,  lU 
to  fonn  a  perfect  layer  of  cuticle ;  in  all  these  latter  oasea,  il 
muKt  be  ueedletw  to  nicntiuu,  that  in  iinler  to  exanuoe  tlM 
iDuoous  surface,  the  layer  of  cuticle  must  have  first  bed 
removed ;  thiB  cannot  often  be  done  In  the  fresh  sUtc, 
the  o|H;ratioQ  of  maceration  must  then  be  hnd  recourse  to  for 
the  purpose.  If  the  surface  he  villous,  and  have  been  kept 
in  spirit  for  some  ttmu,  it  should  bo  pinned  out  hihI  wi^U 
washed,  either  by  a  stream  of  water,  allowed  to  ruo  on  it,  or 
by  a  syringe;  if  the  preparation  be  then  allowed  to  remain  in 
water  for  a  sliorl  time,  all  tlie  villi  will  tioext  up,  and  their 
shape  be  ajwcrt«ine<!.  In  modem  times  tlic  art  of  injection, 
which,  in  tliiit  cfinntry,  had  for  a  long  period  been  neglected, 
began  to  be  again  renved,  with  the  employment  of  the 
ucliromatic  microjicope ;  and,  by  Us  agency,  within  the  last 
few  years,  nunicruiui  moi*t  interesting  discoverieft  have  been 
made,  especially  since  the  inrention  of  tliiu  gloes,  uud  the 
mounting  of  objects  in  cellin  ai»  first  practiwd  by  Mr.  Goadby. 
have  been  adopted.  Tlic  diflerent  methods  of  injecting  wiU 
be  given  in  a  subsequent  work,  in  this  place  it  will  be  merely 
necessary  to  enumerate  some  of  tlic  objects  of  tlie  grentest 
interest  that  may  be  selected  from  the  mucous  membrancB, 
either  injected  or  not,  that  may  serve  as  a  guide  to  the  under- 
standing of  the  difTcrcnt  elements  of  which  it  is  compoiicd. 
In  addition  to  the  names  of  preparers  of  microscopic  objects 
mentioned  at  ]juge  399,  ilie  author  would  beg  here  to  intro- 
duce that  of  Mr.  Hett,  of  No.  24,  Bridge  Street,  Southwark, 
whooc  prepunxtions  iu  this  dc-partment  are  eo  well 
deservedlv  known. 


Epilhthnm. 
Scaly_SkinofNewt, 

—  Wuli  iifFrog'B  fool, 

—  MciCiiU-r}',  Rabbit, 


SciiJy~Mc«cnl«y,  U 

—  Mnulli,  Haman, 

—  Cmiclv, 

—  Cornea  ur  c>'e. 
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Epitkeliwn. 

Sudoriferous  duct,  Mao, 

Prismstic— Villi  of  smnll  intestine, 

Tubuli  of  Testis,  Guinea-pig. 

GaU  bladder, 

Septum  nasi. 

CilkUed  Epithelium. 

Spheroidal— Tubul 

i  of  Kidney,  Dog, 

Frog's  mouth. 

Man, 

Infusoria — Leucophrys, 

Stomach,  D<^, 

Rotifer, 

Porpoise, 

Polyps, 

Liver, 

Man, 

Branchie — Oyster, 

Pig. 

Mussel, 

Back  part  of  Nose, 

Basement  Membrane. 

Bronchial  tubes, 

Tubuli  of  Stomach, 

Dog, 

Ventricles  of  Brain, 

Porpoise, 

Tubuli  of  Kidney. 

Mucous  Membrane. 

GaU-hladder. 

Mouse, 

Human, 

Bear, 

Newt, 

Otter, 

Cat, 

Osprcy, 

Porpoise, 

Human, 

Ostrich, 

Rabbit, 

Kangaroo, 

Pheasant, 

Rat, 

Ox, 

Pig, 

Sheep. 

Sheep. 

Pigeon, 

Rabbit, 

Lunf;. 

Inieitiru. 

Rat, 

Adder, 

Alligator, 

Rhinoceros, 

Boa  Const  rirtcir, 

Adder, 

Rook, 

Baboon, 

Adjutant, 

Sheep, 

Bear, 

Boa  Constrictor, 

Snake, 

Crt, 

Cassowary, 

Toad, 

Dog, 

Cat, 

Tortoise, 

Dolphin, 

Cod, 

Turtle. 

Duck, 

Crocodile, 

Eel, 

Dog, 

Kidney. 

Fowl  (domestir). 

Duck, 

Alligator, 

Frog, 

Eel, 

Bear, 

Golden  Eagle, 

Fowl  (domestic), 

Boa  Constrictor,             Guinea-pig, 

Frog, 

Cassowary, 

Hedge-hog, 

Goose, 

Cat, 

Horse, 

Guinea-pig, 

Dog, 

Human,  adult. 

Hedge-hog, 

Dolphin, 

foetal. 

Horse, 

Fowl, 

Ichneumon, 

Human, 

Frog, 

Kangaroo, 

foetal. 

Hedge-hog, 

Kitten, 

LJzard, 

Horse, 

Mouse, 
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MoTikpy, 

FowJ. 

Starm^f^ 

riMvwantt 

Fw;«, 

Beta  CunsLricior 

Owfricli, 

(i  umcu'jiijf, 

^ 

I'igoiin, 

Ospn>y, 

Hog,           H 

i*«ippj. 

Prrtfmisc, 

E«0.            M 

Rnhlnt, 

XllitlLnt, 

i^vig,      m 

Salmon^ 

Rat, 

Gumea-{«9.^ 

Sbeep, 

S1m-<?p. 

nciljri-'-bng, 

To»d, 

\Volt-(wIi. 

IIlliriAD,  Ailulr^ 

Tortnl*", 

fwtal. 

Turtle. 

OnVicif. 

Nfwt, 

Frog, 

P«.         H 

£tiwr. 

Fowl  {domralif), 

PfjrjlOlr«e.       ^H 

BoA-CoMtrietor, 

rhcnwint. 

Hilt.         ■ 

Crt, 

Snako, 

Shi^'p,          ^H 

D««, 

Toa<), 

Snake,          ^H 

Ed, 

TcirloiM, 

TortoiH.'.       ^1 

■Since  the  diacover}'  ftf  epitlK-lium  upon  mucous  mcmbnu 
lh«  ftainc  thing  haa  lioeti  tminfl  ujwn  sproim  ant]  eyno 
membrane^  wliich  are  supposed  now  to  be  only  pecu 
modifiontions  of  the  former;  the  layer  ia  a  single  one,  an( 
l>CHt  seen  in  the  mcscutcrf  of  EmiLll  animaJs,  and  la 
(=vti<ivi;i1  fi'inirop  of  foiiit^.  Th''?-r  Hvrinvi;il  fV'n^f"-',  ul 
injcctt'd,  ;u"e  rcmnrknlilv  Ixaiilil'iil  ulijrcts:  \>\  sumo  pcrs 
tticv  h:\\v  lii-'On  knikcil  mi  :i>  ^ni:i!l  iii;i,->is  <it'  tilt,  but 
luiiTosi'Diiic  ('Mini!ti;[tiuii.  t!ic  not  mil  nl'  tlu'ir  bciiTj  nl 
<il;iiKiiil:ii'  iKitiiri.'.  ;ts  war-  (ii'sn-ihcil  Ii\-  soiiu-  of  llu'  ol 
uiiatouiisis,  will  111.'  I<iiuii!  to  be  I'ltrrccl,  Tn  I'xniiiiiu' 
opitlu'limii  t'rdiii  thc-i'  pail^,  tlir  Mirst>nlri'v  (if  a  siimll  aiiiu 
puch  !is  !i  iiinusc.  Liiiinra-plLr.  "i"  rabl'it.  ^iimilil  bo  fakoii 
soon  nt'ter  lU-atb  a.";  [n^s^^iblr :  the  rplllu'liuin  nia\"  lio  best  m 
on  tlie  parts  tliat  aiu-  sil^hlK  tnldnl.  wltli  a  powor  of  t 
bunilrod  illainelors. 

Ill  aililltiou  to  tlio  iiirinln'iuik's  last  drsmbt'd,  tbr  arram 
iiinit  of  tin.'  capillarios  in  coi'lniii  of  tbf  (■lriiioiitai"\  tissi 
will  also  I'orm  voiv  boaiitifid  oiijoct^  for  r.xaiiiinntinn.  'i 
t'ollitwitiL,^  is  a  list  of  tlie  iii(i>t  iinjun'laiit  :  — 

AlfnLll'   'l'l--llr.    I'liwl, 

(Mii.li, 


Alinhlf   '['i---lU',    1  [llllKIII, 


l!:il. 
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Miisi'Ip,  Frog, 

Pig. 

Hummn, 

MOUMS 

Snnkc, 

Ttniiloti,  Cat, 

Frog, 

OMricb. 

Pifrvon, 

Snake, 

lluuiiui. 

CnrlUiigo  Aurick,  Human, 

Kabt.ii. 

Cartilage  Rib,  llumau,  mliilt, 

(vetal, 

Cartilngf  Articular,  Uuiniin, 

IV, 

Calf. 

Pcrintttcuiii,  Htunao, 

—     Kb, 

Bom.  Calf, 

Lamb, 

Su<-lLiiig-]Mg, 

Pulp  of  Toodi,  Human, 

KiKcn. 

Vig. 

Calf. 

Eoamd  Membrane,  Pig, 


Enanii-I  Ali>mbrane.  Uutiuui, 
A(li|MtM>  Tuauv,  Cat, 

Uiuiuui,  ailiUi, 

ftcUl, 

Book, 

PSgwit, 

NcTTf.  lluioan, 

Pig, 

Kittcti, 

Nerroui  maUer, 

-  wbhc,  HuilMD, 
-^-  Kittt-n, 

gn'V,  Iluiiiiui, 

—  Kiltrn, 

Eve  (ChoraiJ).  Cat, 

-  Kel, 

Fowl, 

— —  Ilunuu), 

Ostrii'h, 

Shwp, 

—  Poitr.  Capsule  of  Lvnft,  Kttteti, 

ITj., 

Puppv, 

~-  Mcwbrana  Pupilla^i^  Kilit.'o, 

lluiiinn  lirtus, 

Puppy, 

—  Comua, 

Cat, 

Dy. 

Kitreii. 


Obfficttfor  Ptilarizrd  Light — Tlw  application  of  the  polftT- 
iziug  iipparatus  to  the  compound  microscope  was  first  rnwlc 
by  Henry  Fax  Talbot.  E*|.,  since  whicli  it  h:i3  been  murb 
employed  by  Sir  David  Brewster*  Sir  John  HersclieU,  aitd 
otbcr  pTcat  authorities ;  and  iw  it  now  forms  so  impttrtant  an 
ini^truiucnt  for  the  dctrnniniition  of  the  sliglilpst  lUfliirenceft 
of  dcDiiity  in  tiio  mr»t  dcljL'ate  structures,  it.s  «»c  to  the 
anatomidt  and  chemist !»  iiiiIi«[icnsal)lo ;  but  for  thueu.'  who  mny 
onl^  wish  to  know  the  kimb  of  ubjeeL*  that  A\nv:  the  richest 
tinw  of  colour  when  viewe<J  by  polarixed  light,  the  follow- 
ing ia  a  Ufit  of  such  iitt  arc  UHually  sold  by  tliv  preparers  of 
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microBcopic  objects  for  this  pur|io8e.  Many  of  tlie  snbjt 
contained  therein,  it  will  he  noticed,  liaTo  already  Iwen  g-iven 
under  diflbrcnt  hi^de;  but,  notwithatHudiog  this,  it  lina  beea 
deemed  the  best  plan  to  repeat  thein^  that  tbey  may  all  be 
arranged  as  objects  for  the  polarizing  microaeope.  They  are 
here,  however,  for  the  sake  of  convenience,  divided  into  ibree 
clasaes,  ■viz.,  the  animal,  vegetable,  and  rainend : — 


AniiaaL 
Bong  of  Ciittle-fislip 
Fibres  of  i^Spoa^Bi 
Hotifof  Aas, 

Cuiuel, 

— —   Hnrse. 

Ox, 

Blteep. 

HoTQ  of  AtHmn  RhincKerof , 
tmnsTerH}  itiKitiaii, 

verticnl  iseorinn. 

— —     [ndian  Rlilnoceros, 
— —     Antelope, 

Ox, 

Slici'p. 

Quill  uiTorciijiinr, 

■    KrliiiluiL, 

- — —     (_'i>inini-. 
'IVii'ion,  lliiniaii. 

(Ktrii'h. 

(■roy  IluHKin  Haii\ 
Kinv  Silk. 

Scjili-  uCKol. 

SoU', 

Skill,  Kk'j'liimi, 

-  Crocodili.', 

-  IT(ini[iTi, 

-  liliiii'ii'ovns. 
Spicules  uf  CiciriTtniin. 

WlliilcllOlU', 

PalatfofWIiolk. 

—         LilM]H.'l, 

—        JsilS^.T. 

■ Pahniiii;(, 

t'vclnst'iiiiii. 


Wing  cfwea  of  BeelJes,  Aninial 

ain.tte3'< 

Vegetable. 
Starcb,  Polato, 

Arrowroot  1 

Citstttrd-powiler, 

IiLdiun-corn, 

Tou»  les  MoIbt 

Giin-potti>i], 

Hairs  from  LeaTof  Deutziii, 

Oliro, 

Raw  Cotton, 

-  Vhx, 
Siliix'iHis  rmicK'  l!.iinl>i>ii, 

—  —  |-"i[lli-l'(UTM, 

—  -  Ivii'c, 

WliL-nt 

^fi  lit' rill. 
A.L'at.\ 

lki;:lil<m  IV1.1.K-. 
('r\.-lnls  111"  Ai'<'(ati>  nf  Coppi'i-. 
Uirhniiriali'  of  l'iila-;!i, 

-  -       lionix-. 

-  -       linrai'ic  Aciil, 

—  —        linralc  ot"  Aiiminui:!, 
liiiraxiS:  I'lio-plioric  Afii!, 

—  CarlKinatc  nl'  Liriic, 
— —  Chrdiiiali- of  l'ii(ri-h, 

Cliliiratc  (hf  IVita^Ii, 

Cli'ili'^lcririi', 

—  -       ("ilric  Aci'l. 

-  —       i':[.-oiii  Salts. 
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CiTitala  of  Morexiile, 

■-  OxaUtti  of  Anunoiua, 

Chraioium, 

Liino, 

S<h1«, 

'  Nitrate  of  Ammonia, 

.  -_      Biirj-tcs, 

Lead, 

— ^  — ^      I'otiuh, 

- —  Smla, 

■■■  Oxalic  Acid, 

Phopphftte  of  Soda, 

- — -  Satin  Spar, 

Sugnr, 

of  Milk, 

Sulphate  of  <_'(wlmiuin, 

' Copper, 

Magnesia, 


CiTstala  of  SulpluUe  of  Nickel, 
——      Tartrate  of  Utne, 

Tripl«  Pho«pluite, 

Uric  Acid, 

AragoTute. 
Aabcstoo, 
Aranturine, 
Graoito, 

Marble, 

Raphide*  lljarinth, 

Onion, 

Rhubarb, 

Sen-wind, 
Truinotite, 
Wavtlit*. 
Zeolite, 

S(>l<>niie  of  lUflerent  thickneaiei, 
Salidric. 


Seleiute. — Aa  before  stated,  at  page  240,  laminn  of  this 
mineral,  or  of  niK-a,  will  be  required  of  diflcrent  thickneasos; 
these  may  reodilj'  bt  split  off  from  n  lar^  crystal  by  a  pen- 
knife or  other  sharp  instrument;  for  the  purpose  of  I)eing 
used,  the  laminic  should  be  placed  between  two  plates  of  thin 
glass,  either  with  or  without  Canada  balsam.  A  piece  of 
plate-glass,  three  or  mure  inches  long,  and  an  iitch-and-a-half 
wide,  witli  a  raised  edge,  and  having  a  thin  lamina  of  aclenitc 
cemented  upon  it,  and  covered  by  a  piece  of  thin  glasa  with 
Canada  balsam,  is  employed  by  some  persons  s»  a  selenite 
stage,  and  upon  this  the  object  tliat  is  intended  to  be  examined 
is  placed. 

Cryttals  of  SaUa. — These  may  be  eaaily  prepared  by  crys- 
tallizing slowly  a  boiling  saturated  solution  of  the  salt  upon  a 
cold  glass  slide ;  the  crystallization  can  be  effected  very  rapidly 
by  warming  the  under  surtacc  of  the  glaas  over  a  lamp.  To 
get  the  linetjt  crystals,  tho  more  slowly  the  solution  is  allowed 
to  evaporate  the  bettor;  tho  uncr^-stalUzablc  part,  or  mother- 
liquor,  as  it  is  tenne<l,  should  be  removed  either  with  blotting- 
paper  or  a  glaes  tube.  Several  specimens  of  each  sort  should 
be  crystallized  on  slides,  and  those  selected  that  show  best; 
the  others  may  easily  be  cleaned  off.  If  any  of  the  specimens 
29 
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are  required  to  be  kept,  tliey  ehould  be  inounte<l  either  in  the 
drj'  way  or  in  Canada  bulsaia ;  in  order  to  preserve  them  frt^m 
being  injured  by  the  prf«8iire  of  the  cover,  a  rell  of  paper, 
cardboard,  or   j^la^s^  should  be  placed  round  tlicni^  uud  the 
cover  cemented,  ns  before  described,  at  page  313.     Acconlin;? 
to  Mr.  Fox  TalHnt,  a  anlution  of  Hulphate  of  rf>p[>er,  tn  whirh 
a  smaU  portion  of  nitric  ether  has  been  added,  will  crystaUizi' 
in  the  farm  of  rhomboids;  tlieae^  when  viewt»d  under  poUrized 
light,  resemble  bnltiant  nibic^  cmcralda,  and  other  gents : 
according  to  the  eame  gentleman,  the  osalato  of  ehmmiHui 
and  {>otai>h,  (]i:>Kolved  in  water,  and  rapidly  crystallized,  ii>  n 
splendid  object.     Sir  David  Brewster  rccomtnendfi  the  Faro 
Apophyllite,  when  the   prittms   are  complete,  aa  pxhibitiuj; 
moet  gorgeous  colours.     If  it  be   wished    lo  oxmuiuc   the 
cryBtals  of  any  salts  during  their  fommtion,  the  cryetallizatian 
should  be  carried  ou  in  a  glass  that  is  slightly  concave :  one 
of  the  cells  repreeentetl  by  figs.  17H-9  will  he  found  tn  ans^Tcr 
tlie  puqiose,  but  the  best  ap[inratua  of  all  will  be  the  ttmall 
concave  discs  of  gloss  about  n  quarter-of-an-ineh  in  diameter, 
three  or  more  of  which,  set  in  a  frame  of  metal,  were  generally 
supplied  with  nil  the  old  micro»coi>cs,  and  were  employeii  for 
containing  infusoria,  as  well  as  lor  viewing  the  crystallization 
of  Haltit.     All  t}ioee  crystals  that  arc  so  thin  ns  not  to  nppcsr 
light,  or  to  exhibit  colours  when  the  field  of  view  is  made 
dark  by  the  position  of  the  prisms,  may  have  colour  g^vcn 
them  when  plactnl  uptm  the  selenite  stage  or  when  a  film  of 
the  same  material  is  laid  under  them.     Many  organic  sub- 
stances also,   though   they  do  to   a  certain   extent  Appear 
luminous  upon  a  dark  ground,  may  be  made  to  cxliibit  colonre 
when  placed  over  telenite.     If  colour  only  l>e  required  to  be 
shown  by  any  given  object,  a  double  image  prism  plard 
over  the  eyepiece  will  be    found    the  best   to   be   adopted. 
MS  then  any  preparation,  whatever  iti<  .■'tructure,  will  exhibit 
tlie  effects  of  pobirizcd  hght.     The  plan  of  preparing  the 
wctions  of  whalebone,  horns,  hoofs,  hnirs,  &c.,  has  already 
been  given  at  page  341 ;  and  at  page  333,  the  best  method  of 
procuring  the  siliecnns  skeletons  of  grosses;   wliilst  at  pago 
400,  the  names  of  the  finest  specimens  to  select  for  the  pur- 
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p06e  are  menticmciL  Su  little  being  yet  known  as  to  what 
cffbct  is  produced  by  poiimmxl  light  upon  many  nf  the  moet 
dclicnle  organic  etnicCurcs,  it  should  be  Ifiid  down  as  a  rule 
that  every  new  variety  of  tissue  bo  Rubmittod  to  \ta  action, 
aud  doubtlesH  many  iiu|H)rtant  rcsulta  would  follow. 

Currenti  in  hhiith  ohst'nvitl  ihtring  their  EvafHtration. — llr. 
Varlfty»  in  the  fiftietJi  volume  of  the  Trnmactious  of  tite  Soriett/ 
oJArts^  lirst  introduced  a  seriee  of  experiments  on  ibis  flubjcct 
to  the  Attention  of  microwopiete.  The  plan  reromracndo<l  is  a* 
follows: — Take  an  aniinalrule  caf;p  of  moderate  size,  and  upon 
the  tablet  place  a  drop  of  turpentine  or  spirits  of  wine,  &o„ 
then  fliide  over  it  the  thin  plnss  rover,  but  do  not  oompreas 
the  fluid  very  uuich;  tlif'  micnwcopc  U'ln;;  plarc*!  in  the 
vertical  position,  and  provided  with  a  magnifying  |»ower  from 
forty  to  one  hundred  diameters,  the  rontents  nf  the  cope  are 
to  be  examined  in  the  some  way  as  if  nnimalcules  were 
contoincil  in  it;  as  the  evaporation  of  either  of  these  fluids 
takes  place,  numerous  currents  and  vorliccs  will  he  seen, 
especially  if  a  small  quantity  of  finely  powdered  coal  be 
ground  into  them ;  the  particles  of  coal  bclnj?  very  light,  arc 
held  in  suspension  whilst  the  evapomtion  is  going  on,  and  by 
tlic  currents  are  whirled  nbout  in  different  directions.  The 
following  fluids  Mr.Varley  has  given  as  the  best  for  the  illus- 
tration of  the  currents: — 

'*  1.  A  drop  nf  spirit  of  wine,  or  of  naptha,  exhibits  two, 
three,  or  four  vortices  or  centres  of  circulation,  according  to 
the  size  of  the  drop ;  and  if  the*e  vortices  are  viewcii  laterally, 
the  lines  of  particles  will  he  seen  fomiing  oblique  curves  from 
lop  to  bottom  of  the  drop. 

"  2.  Oil  of  turpentine  shows  a  rapid  cinnilation  in  two  con- 
tinuous spirals,  one  to  the  right,  the  other  to  tlic  left,  arounil 
the  dn»p.  These  meet  in  the  oppoate  diameter,  from  whicli 
tlie  particles  are  carried  slowly  across  the  dinnieter  to  tlie  place 
of  starting,  and  this  continues  while  there  is  fluid  enough  to 
let  it  be  swm. 

"  3.  If,  however,  the  drop  does  not  exceed  onc'lenth  of  on 
Inch  in  diameter,  it  presents  the  appearance  of  partirlcji  cnn- 
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tinnally  rUing  up  in  the  middle,  and  radiating  in  geatHe 
to  the  circumference. 

"  4.  If  the  liquid  be  put  into  a  very  small  phial^  pimilar 
motions  are  perceived,  the  paiiicloa  whco  tliev  have  resuJied 
the  side  of  the  phial,  going  down  to  rise  np  afterwards  hi  tho 
centre  or  axia. 

"  5.  If  »  bubble  of  air  be  enclosed  in  the  liquid,  motioiu, 
Bimilar  to  thoee  described  in  Ko.  2,  nrc  ol>eervod  in  the  part 
immediately  in  contact  with  the  bubble. 

"6.  In  a  flat  drop  of  new  wine  laid  on  the  tablet  or  disc  of 
the  aquatic  live  box,  but  not  comprestied  by  tlie  r«ver,  the 
motion  was  a  regular  uniform  circulation,  the  particlc»  riiing 
from  below  at  one  end  of  the  drop,  then  pmwin^  stmight  across 
on  the  surface,  and  descendiiij;  at  tlic  otliiT  end." 

Beaides  the  objects  belonging  to  the  animal  and  vegetable 
kingdom  previoufily  dcpcribed,  there  are  others  which,  thnngh 
mineral  in  their  nature,  arc  nevcrlhelesa  composed  largely  of 
the  remaina  of  organized  beings;  they  may  be  classed,  firrt, 
into  thodo  that  are  of  animal  origin,  or  contain  the  remains  of 
nninmtcd  beingn ;  and,  secondly,  into  those  that  are  entirely 
of  a  mineral  formation ;  the  former  require  to  be  viewed 
either  when  in  a  xtnte  of  minute  divinon,  or  when  cut  into 
very  thin  slices,  whilst  iJie  latter  may  generally  be  examined 
as  opaque  object*,  with  a  low  magnifying  jmwer,  and  without 
any  previous  pn^paratton.  The  sand  found  laigcly  upon  the 
«ea-»hore  in  some  parts  of  the  world,  and  that  met  with  in  the 
interior  of  shells  and  sponges,  is  exceedingly  rich  in  minute 
foraminifera,  and  spicules  of  goi^nin  and  sponges ;  the  bini  in 
the  5hu{ie  of  merchants  who  i)repare  and  ileal  in  Weat  Indian 
and  Turkey  epongcg,  will  afibrd  a  rich  harvest  to  the  micro- 
seopist.  The  aand  from  the  Calcaire  yrMskn,  of  Grignon, 
near  Parte,  ie  exceedingly  rich  in  very  beautiful  fonns;  so 
abo  i«  tliat  from  the  icIiMid  of  Delos.  The  shells  may  be 
picked  out  from  either  of  these  by  the  employment  of  a  black 
cATil^  a  t*harp-pointed  sable  pencil,  and  one  of  the  single  micro- 
BCOj>es  rnprcAentcd  by  figs.  27,  33,  and  34 ;  they  «hould  be 
mounted  either  on  black  di«*i»  or  in  ceils;  being  of  a  white 
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colour,  they  will  appear  to  Uil*  beet  advantage  upon  a  block 
ground.  The  Ibllowing  liat  of  name&  will  include  eomc  8i)e<a- 
mcna  that  arc  remarkable  tor  tht>  abuudiinec  und  clugaoce  of 
Ibnii  of  the  aiiiuiiil  rcmoiue  found  in  them,  and  others  etrictly 
mineral,  whoec  gorgeous  colours  are  only  rivalled  by  the  bril- 
limit  plumajj;e  of  tlie  humming-bird,  or  by  the  upleudid  huea 
domctimcs  dioplaycd  by  polarized  light: — 

QoUtes. 


Sectunu. 
Gnaite. 
Umartonei 

foliated* 

niigneaiaa, 

Mom  AgAte. 

iftwrtUs. 
Xnt'mvmy  Sulpbiirct, 
Avail  turitui, 

■rtili«al. 


Bumutli, 
Copper,  Pyritai, 

Pcacudc, 

■  ■         native, 

Unhy, 

Iroii,  Elba, 

VjviUa, 

1'abaMheM-, 

Tin,  crysLullized, 
Tuuruuiliue, 
Ziuc,  crytaliixed. 


Bath, 
Caci), 
Uoulliog, 
FortUod. 

SamL 
GrigouD, 
IMoa, 
Java, 

Turkey  Spoo^ 
West  Indiao  Sponge. 


Biniodide  of  Mercurtf. — A  very  interesting  object  for  the 
microacopo  is  tlie  recently  sublimed  deuto-ioduret  or  bln- 
iodtdc  of  mercury.  "  This  tialt,  whuu  lint  sublimed,''  says 
Mr.  Varley,*  "  is  of  a  bright  yellow  colour,  which  rapidly 
changes  to  red ;  the  manner  in  which  cliia  change  takes  place 
being  the  subject  tor  investigation,  and  it  is  well  wortliy  of 
further  attention,  as  indicating,  very  probably,  the  tstructun: 
of  the  crystals.  To  examine  them,  place  a  few  pmins  of  the 
deuto-ioduret  of  nicicur^'  in  a  watch-glass,  and  invert  over  it 
another  glass  of  tho  same  sizG ;  apply  tlic  heat  of  a  spirit-lamp, 
and  wlicn  fumes  issue  from  between  the  gliisac^s,  remove  tlie 
lump,  and  Bull'er  the  glasses  to  cuol  a  httic;  on  removing  the 
upper  glass,  it  will  be  found  lined  with  yellow  crystals,  one  of 
wliich  should  be  mpidly  transferred  to  the  stage  of  the  micru- 
BCopc  for  examination  as  a  transparent  object;  lines  of  n 
beautiful  red  will  be  seen  shooting  tlirough  the  crystal,  until 
it  has  entirely  changed  colour:  during  the  time  it  is  changinj^ 
colotir,  it  will  also  he  seen  to  change  its  form.  If  it  bo  placed 
on  the  stage  of  the  microscu[K:  very  carefully  and  gently,  the 
*  Vol.  xlix.  of  tbe  TnuuactutttM  a/the  StMMtg  o/ArU,  \mgt  194. 
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crystal  will  Hometiiue^  i-uumia  a  cuuditlerable  time  before 
begins  to  choDge  colour;  in  that  case,  il'  it  be  tuuclicl  with 
the  point  of  a  pin,  the  retl  Iiucb  will  be  seen  shooting  vc 
bcuutifiiUy  from  ibi:  puint  of  coutocL     i^'or  u  kiiowledirr 
this  beautiful  microscopic  object,  Mr.  Varley  states  that 
vra»  indubtL'd  tu  Mr.  Moraon.** 

More  recently  the  changes  of  colour  in  the  liniodide  have 
been  iuvcatigaUid  with  great  tairt  by  Mr.  Wurinj^ou,  and  on 
account  of  \ua  cxpeiimentd  published  in  the  liret  volume  of^ 
the  Memoirs  of  tlur  Chtnnifal  Socifti/,  to  which  tlie  autbuT' 
would  beg  to  refer  the  reader,  m  the  metluKl  of  viewing  the 
crystals,  both  by  ordinary  and  jiolai-ized  light,  is  rather  diffe- 
rent from  that  dcPcrilK-il  by  Mr.  Varley.  The  paper  is  aUo 
fumi^ied  with  ilhmtnitivc  diagrams,  and  \vith  an  account  u£ 
the  apparatus  employed  for  the  due  diaplay  of  the  cryatal& 

Tonyues  of  the  fflielA  and  JJmprt. — In  the  several  lists 
of  animal  &ti*ucturc8  before  described,  the  tongue  of  the 
Buocinum  or  whcllc,  and  that  of  the  P.ntcUa  or  limpet,  and 
otiier  OafiterujHHls,  have  been  briefly  meutiuued;  and  as  this 
organ  in  these  animals  Is  of  gn!at  interest  to  the  micro^copis^ 
a  tew  iiints  on  the  dissecting  and  mounting  of  the  sauie  ma; 
not  be  out  of  place  here.  The  tongue  of  the  whelk  18  cou- 
tmncd  within  a  jjroboecis  of  Urge  size,  which  is  ca))ublc  of 
being  protruded,  and  of  Iwing  again  quickly  retracted  within 
itself,  iu  the  same  manner  as  the  finger  of  a  glove ;  the  tongne 
is  of  a  horny  structure,  covered  with  spines  and  hooks  of  silicSf  ^H 
which  are  arranged  in  parallel  rows;  it  is  sui^talued  by  two^l 
long  cartilages,  whose  cztreiuities  form  two  lips  that  can  be 
wpuratcd  or  approximated ;  or  the  cartilages  can  be  made  to 
move  upon  each  other  by  the  mass  of  muscles  in  which  they 
are  imbedded.  When  the  cartilages  move,  the  spines  are 
elevated  and  deprt^ssed  alternately;  and  by  a  repetition  of 
simihir  movements  tlie  hardest  shells  are  siiecdily  perforated.* 
'ilic  pniboiicis  is  easily  found  when  the  animal  ia  token  out 
of  tlte  shell ;  It  should  be  slit  up  with  a  pair  of  scissors  or 
scalpel,  and  as  soon  as  the  tongue  Is  reached  it  may  be  eaAilj 

'  General  OntUue  of  the  Anitaal  Kingdom.     By  T.  Kvumr  Joues,  K.Z.i 
Luiidou,  1841, 
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BL'piintted  ironi  tho  cartilage  to  which  it  la  attached ;  altera 
alight  wodiiiig,  or  evcu  nuiceratiau  in  water,  it  should  be  hud 
on  a  elide,  with  its  spiny  side  uppcroioi^t,  aral  pressed  i|uite 
Hill,  M  that  iu  drying  it  may  adhere  to  the  glass;  it  bliould 
tliuu  be  surrounded,  with  a  cell  of  paper  or  cai-d*boai\l,  and 
the  cover  ecmenled  down  citlier  witli  seoiing-wox  or  the 
electrical  ecniont ;  it'  required  lor  {wlarized  Light,  a  specimen 
mouuted  in  huUuin  will  answer.  A  power  of  furty  diumetera 
ia  sufticiont  for  uJcanuniDg  this  remarkable  organ,  wliich  can 
be  viewed  either  ud  a  traiuipareut  or  in  an  u|iaipie  object. 

Thu  tuugue  of  the  Patella  or  Umpet,  though  not  so  beau- 
tiful a  Htructure  as  tluit  of  the  whelk,  is,  nevertheless,  a  very 
interesting  ubjt-i't ;  it  is  reuuurkahle,  also,  for  ll6  K-ugth>  being 
often  three  times  that  of  the  btxly ;  it  is  sup^rarted  on  two 
eurtilaginous  pieces,  pbccd  oo  each  side  of  iu  root;  firom 
these  arii^e  strong  and  short  muscular  bands,  which  move  the 
ui^rau.  The  Kurtace,  like  that  of  the  whelk,  'm  covered  with 
apines,  or  teeth,  phucd  in  tmnsTcrse  rows,  and  arranged  in 
tliree  scries;  each  central  group  bus  tliree  or  four  apLucs, 
but  tljose  on  the  sides  contain  only  two;  tlie  anterior  part 
bliould  be  sc'leeted  for  eiuuuiuation,  aa  there  the  tcetJi  are  the 
finnesL  On  opening  thu  body  of  the  aniual,  the  tongue  is 
eeva  doubled  up  upon  itself,  from  which  ^tuution  it  can 
readily  be  detached.*  In  consequence  of  its  length,  this 
tongue  cunnot  bo  mounted  in  the  same  niauuer  as  that  uf  the 
whelk ;  the  best  plan  to  adopt  is  to  coil  it  up  in  a  luhuhir  cell 
and  mount  it  in  tluid;  short  lengths  may  be  dried,  in  order  to 
display  the  structure  of  tite  t«cth.  The  tongues  uf  the  peri- 
winkle, unsaa,  &c.,  require  similar  tre:itnieut. 

Some  of  the  (Jasteropuds  are  pru\ided  with  a  luuscidor 
gizzard,  armed  with  gastiic  tooth  of  stony  hardneis;  these 
lire  also  intertfstiug  ><uhj(>cla  for  examimilJon;  the  htrger  kiods 
may  he  ground  down  tlun  and  viewed  as  tnins|mreut  ubjcota^ 
whilst  Uie  smaller  eau  bo  mounted  as  ojiatjuc  objects  and 
eJuuuiucHl  in  situ.  The  principal  genera  in  which  the  gastric 
teetli  may  be  seen,  arc  JluUu,  ^Scylln'o,  and  Aplyeia ;  but  the 
moet  rciuorkablc  forma  occur  iu  the  bist  meutioued  genus. 
*  Cifclopigdui  ufAjtatom!/  luui  I'hyBiUag^j  voL  ii ;  article,  GHtcropodi. 
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CUAPTEK  XIX. 


METUOD3  OF  F.XAMINIXO  MOBDrD  STRUCTURES,  KTC. 


Mfthodx  of  Examining  fipecimtns  of  Morbid  and  ofhrr  Struc- 
tam. — TliiMc  who  devote  ibclr  uttcDtion  to  the  cxuinuiatioD 
of  morbid  structures,  viz.,  members  of  the  medical  protceaon, 
are,  perhaps  by  far  the  most  nmneroua  claM  of  iiiicniacofnc 
observers,  and  certainly  Uie  advancement  of  tlie  healing  art 
is  the  noblest  of  all  uBes  to  which  so  powerful  an  uiuuliary 
OS  the  microscope  can  ever  be  applied.  It  has,  therefore, 
been  thought  advisable  to  j^ve  a  few  pnictical  liintt*  on  the 
best  mctlioils  tliat  arc  now  usually  adopted  of  cxamimng  any 
fluids  or  solids,  whether  morbid  or  otherwise.  For  the  purpose 
of  making  a  correct  microscopic  analysis  of  many  fluids,  certain 
chemicals  will  be  required ;  these  should  consist  of  liq,  potassae, 
aniniuiiia,  tether,  unci  ulcohol,  acetic,  nitric,  hydrochluric,  and 
sulphuric  acids,  both  in  the  conccatmted  fonu  and  diluted, 
together  with  a  few  test  tubes  and  watch  glaases,  and  other 
equally  simple  apparatus,  in  addition  to  the  curved  and 
straight  lubes  represented  by  fig.  86.  In  the  cade  of  suUda, 
the  various  kinds  of  acalpcls,  diss*;cting  ncctlles,  and  the 
Valentin's  knife,  will  all  Ijc  required. 

If  the  subject  for  examination  be  of  a  Huid  nature,  such  as 
blood,  pus,  nuicus,  &c.,  the  plan  generally  adopted  is  to  take 
out  of  the  conUiining  vessel  a  very  small  quantity  of  the  fluid 
by  means  of  one  of  the  tubes  sliown  nt  fig.  S6,  or  any  other 
convenient  instrument,  and  to  lay  the  same  upon  a  slide 
wipeil  perfectly  clcjin,  and  to  cover  it  with  a  piece  of  thin 
glass;  if  there  be  any  se4liment  in  the  fluid,  it  should  be 
allowed  to  suWide  before  tlie  examination  takes  phwe,  and  the 
tube  should  tlieu  be  carried  to  the  bottom  of  the  vessel  before 
the  finger,  as  shown  in  fig.  86,  is  taken  off  the  end;  the  sedi- 
ment can  then  be  transferred  to  tlie  slide.  If  it  should  be 
neceeaary  to  apply  any  re-ogent  to  the  fluid  or  solid  under 
ejuuuinntion,  a  small  quantity  may  be  brought  in  contact  with 
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uuc  uf  tlie  ttideti  uf  the  cover,  wlicn  it  will  gradually  uuinuatc 
iceelf  between  the  glawca,  and  act  alowly  on  what  is  oontuined 
there ;  iu  other  caxeBj  the  cover  may  be  lifted  up,  and  a  einoll 
ijuantity  of  tlie  re-iigent  added,  and  the  cover  ({uickly  replaced, 
care  being  always  taken  tliat  no  ibrcign  mattero  gain  entrance 
into  the  fluid  from  without.  In  the  cAse  of  blood,  the  tiuids 
that  require  to  be  lulded  are  generally  ordinary  water,  serum, 
and  sugar  ur  suit  dissolved  in  wat«r ;  but  in  the  case  of  puB 
and  mucus,  which  approach  each  other  iw)  doHcly  in  many  of 
their  characters,  it  becomes  of  great  importance  to  have  some 
test  wherehy  they  may  be  distinguished  one  from  the  other; 
tho  fluid  employed  tor  this  purjioac  is  acetic  acid ;  when  this 
is  added  to  a  lluid  where  pus  is  present,  the  globules  swell  up, 
and  several  large  transparent  nuclei  maku  tlieir  api}eanince ; 
but  when  the  same  acid  is  added  to  a  fluid  where  mucus  is 
prcMiut,  thi;  globules  enlarge  and  show  tlieir  nuclei,  but  not 
S(i  phiiuly  as  the  pus ;  and  the  liquid  termed  liquor  muci,  in 
which  the  globules  floaty  la  instantly  coagxilated  into  a  semi- 
opuquc  corrugated  membrane.  The  presence  of  fatty  matter 
is  ascertained  by  sulphuric  ether,  which  readily  ilissolvcs  tlie 
oily  part,  and  if  it  be  contiuned  in  cells,  as  in  adipose  tisauc, 
the  cell  walls  reuuiiu  untouched.  Earthy  matters  recjuire  the 
tod  of  the  acidd  tor  their  solution ;  these  should  not  be  added 
10  too  concentrated  a  form,  in  order  that  tlieir  solvent  action 
may  be  the  more  easily  witnessed.  Solid  ports,  such  as 
tumours,  tliat  are  to  be  examined  as  tiwujmreut  objecta,  witli 
high  powers,  require  for  the  purpoec  to  be  cut  into  exceed- 
ingly thin  slices,  and  Heporatcd,  if  necessary,  by  the  needle- 
points; the  sections  arc  to  be  pkccd  u{K>n  a  gloss  slide,  and  a 
little  serum,  or,  in  the  ubsonco  of  it,  white  of  t^g,  in  water, 
ahoulJ  be  added,  iu  order  to  float  out  certain  of  tlic  parts,  and 
to  le««en  the  refraction  of  the  light  at  tho  edges  of  the  object ; 
water  will  au^wer  the  purjH>se  fur  some  uf  the  lioixl  tissues, 
but  whero  nucleated  or  other  colls  and  nervous  matter  are 
present.  Its  use  is  iniulniisAihle,  as  it  is  so  liable  to  alter  tlic 
tine  appeunuicc  of  tliese  structures.  The  sections  may  be 
made  with  a  razor  or  scalpel ;  for  solid  oigans,  such  as  the 
liver  and  kidney,  Valeutins  knife,  described  and  figured  ut 
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|mge  347)  wUl  be  found  exceedingly  usetiil.  It  10,  poihapa, 
u»  well  bcrc  to  stutC}  that  the  cxmuiiutjun  uf  all  morbid 
structures  should  be  made  us  eoon  as  convenient  uiter  their 
rcniovul  from  the  body,  aa  cbauges  of  form  in  the  Bolter 
eubetanoes  speedily  take  pbux*;  but  if  some  time  haa  eUpwd, 
the  part  from  whicli  the  scctiona  arc  taken  should  bo  at  aocne 
little  dbtance  i'rom  the  surface,  in  uniur  that  tlicy  may  be  m 
slightly  altered  as  possible  by  the  action  of  tbu  air. 


CHAPTER  XX. 


TEST  OBJECTS. 


Fuu  this  important  class  of  objects,  to  which,  in  a  gi 
measure,  must  be  asciibed  the  n4>id  advancement  towanla 
perfection  of  tlie  acluMmutic  compound  microscope,  we  are 
indebted  to  the  late  Dr.  Goring,  who,  it  is  eaid,*  was  led  lo 
adopt  thcni  by  reading  a  i)as8age  in  the  works  of  Leetiwenhockf 
rclnting  to  tlic  cxiimiuntiuu  of  tbc  scales  from  the  wing  uf  the 
ttilkwurm  moth,  the  lines  on  whicli  could  not  be  f>eeQ  by  the 
draftsmau  with  so  low  a  [»uwer  as  tliat  used  by  the  great 
niicroscopist  himself.  At  the  time  of  Dr.  Goring's  first 
cmploymeut  of  Ibcse  objects,  he  nscertained  that  the  structure 
of  ccrtEun  of  them  could  be  readily  made  out  by  some  micn>^ 
scopes,  and  not  by  others;  and,  interring  that  there  were 
some  peculiar  properties  in  the  lines  on  the  feathers  and 
scides  of  certain  imdccts  which  rendered  tbem  more  difficult  of 
definition  tlun  others,  he  was  induced  to  view  them  through 
an  aclintintitic  inicroscojic,  and  was  led  to  the  discovery 
that  in  it  there  were  two  distinct  powers,  viz.,  defining  aud 
])enetmting,  and  that  an  object<gIuss  might  possess  the  one 
ahun^t  to  perfectiou,  aud  yet  be  totally  devoid  of  the  other. 
Of  might  be  perfect  in  both.  He  subset puuitly  made  the 
im[>ortanl  discovery,  thut  the  pcnctnitiug  ^Hiwer  depended  on 
•*  JUienMOf/w  Co^incl,  hj-  Andraw  rHtdiAnt.    London,  1832.  p.  137. 
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tlie  aiijjii;  oC  a|M:rtun:  ol'  tiiu  ubjuct-gUaa;  Dr.  (ioriuf^  uura- 
iiiunicuted  the  reeiilt  of  his  labours  to  the  6cieutitio  puLliv  iu 
the  jouniul  of  thu  lioyiU  IiisUtution,  and.  in  1 82!),  ^vc  a 
luorc  pi-acticol  account  of  the  some  iu  tlic  Murogafpic  IUum- 
trtitiom  of  Mr.  Andrew  PrUchan3,  to  which  the  reader  U 
rcferiH.^.  Dr.  Goring  divided  test  objccte  into  two  riaiww. 
In  the  first  he  placed  thoee  which  it  waa  nccesury  to  examine 
out  (>f  fucuH,  Huch  iw  uiiuute  glubulea  of  mercury,  callefl 
"  urtilicial  stars,"  by  these  the  aberrations,  uchnimatumi, 
t-enterin^,  &c,  wore  au-ertained ;  and  in  tlic  second  the  linetl 
or  other  objects  whidi,  according  ua  they  were  well  ur  ill 
defined^  atfordcd  «uffictcnt  evidence  of  the  merits  of  the 
instrument. 

Jlr.  l*ritebard,  I'oUowing  Dr.  Goring,  dindee  teat  objects 
into  two  clawes,  viz.,  into  tlioae  tliat  arc  tents  uf  tlie  jiene- 
Iratiug  and  tliose  of  the  detinin<;  jKtwcr  of  the  instrument ; 
the  word*  defiuiiig  jKiwer,  accordiujj  to  Dr.  Goring,  meaning 
iiotliiug  more  thou  a  destitution  of  both  kinds  of  aberrutiuu, 
considered  independently  of  the  apertiu-e  of  tlic  microtscoiie, 
and  that  of  pcnctmting  i>ower  merely  a  huge  angle  of  ujier- 
turc.*  .tUthough  this  distiuclion  of  tests  was  necceaary  at  tlie 
time  when  Dr.  Goring  wi"otc,  such  is  not  the  case  now;  llie 
woudui'l'ul  improvements  that  have  token  pUcc  in  tlic  con- 
btruction  of  achromatic  object-glasses  within  tlic  Inst  fifteen 
years,  whereby  all  the  errors  of  aberration,  centering,  aud 
achromatism  have  been  ho  correctly  balaucetl,  have  rcudered 
the  micro»:ope  the  miMt  perfect  aud  cfticieut  iiulrumcnt 
"ever  yet  bestowed  by  oit  upon  the  investigator  of  nature.** 
The  division  of  tests,  therefore,  into  Uiose  of  penetration  and 
dcfinitiou  id  no  longer  needed,  and  the  word5  delining  |iuwer 
uud  definition  will  be  the  ouly  oxpressious  employed  to  denote 
tJie  giHHl  or  bad  (jualitics  of  any  mierosco|>e.  for  in  order 
Uiat  an  object-ghue  may  show  the  testis  ciiuxucratcd  by  Mr. 
l*rildiard,  under  the  head  of  "  PeuctratioQ,"  iu  a  pertecl 
muuuer}  its  defiiiiliou  or  defiuiitg  jiower  muft  be  of  the  first 
order,  and  theee  Icniia  are,  tbei-efore,  sufficiently  cspliutntury 
oi  Uie  principal  point  to  be  attended  to  in  testing  two  or  more 

•  Mterv»cnpir  Cahnet,  y.  173. 
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glusscs.  Tlic  objectd  wlucli  have  bcea  chonen  bj  the  suUior, 
ua  UliutrntionB  of  tiic  definition  of  microeccftw  aa  now  coo- 
£tructcd,  ore,  with  few  additions,  of  the  Bmne  nature  lu  thuMr 
ejnploycd  by  Mr.  Pritchard,  in  1832,  and  published  by  hiiu  in 
the  Microscopic  Cabijut  Plate  12  of  that  work,  although  at 
the  tlate  of  its  publication  one  of  the  finest  bpecimena  of  the 
kind  that  had  evur  becu  executed,  when  contnuted  with 
plates  6,  7,  8  of  the  pre:ient  work^  wUl  show,  better  than 
words  can  express,  the  rapid  improvements  that  have  been 
iimde  in  tlie  conatniction  of  the  objcet^laas;  it  will,  liuwever, 
be  readily  lieen  that  the  magnifying  powers  employed  in  the 
latter  inetanee  were  miicli  greater  than  those  used  by  Mr. 
Pritdmrd,  conacqucntly  a  greater  amount  of  detail  ought  to 
be  shown  by  the  one  than  by  the  other ;  this  remark  would 
more  especially  relate  to  fig.  4a  io  plate  6,  and  figa.  5,  6,  7, 
in  plate  7,  where  the  Haear  ningnifjing  jwwer  used  was  1,200. 
Before  enuinemtiiig  tlie  test  ubjectd,  of  which  a  full  uxplanation 
will  be  preeently  given,  it  will  be  as  well,  in  this  place,  to 
allude  to  the  ineam^  employed  to  ascertmn  the  defects  that  may 
be  present  in  any  achromatic  object-glass ;  tliesc  defects,  u 
before  stated,  ai-e  ehietiy  sphcncal  and  chromatic  aberration, 
caused  by  IumI  centering,  or  adjustment,  achromatism,  aud 
want  of  angular  apei-ture.  All  these,  with  the  exception  of 
the  last,  are  so  difficult  of  detection,  that  very  few  perBons, 
except  thoBc  constantly  eng:iged  in  the  mnnufiKturc  and 
testing  of  object-glasses,  can  be  said  to  be  capable  uf  discover- 
ing them.  The  metliod  usually  adopted  to  ascertain  the 
presence  of  these  defect^  is  a  minute  globule  of  mercury, 
spre:wi  upon  a  black  ground ;  this  is  known  by  the  name  of 
"  artiliciid  star,"  and  preseuts  a  uuuute  point  of  light.  Dr. 
G(»ii)g  alludes  to  the  employment  of  an  enamel  dial-plate  aud 
wire  gauze  for  the  aauie  purpose,  but  only  the  niercun,  is  now 
used.  Veiy  minute  globules  of  tliia  metal,  spread  uikiu  a 
blackened  surface,  are  viewed  as  opaque  object^  being 
illuriiinated  by  onlinar}'  day-light  from  a  window,  or  by  the 
liglit  of  an  argaiid  lump,  thro^s-n  on  them  by  a  condensing 
lens;  when  one  of  tlie  globules  is  in  focus  of  a  single 
object-glass,  a  strong  mistiness  smTOunds  the  miniature  i 
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of  the  window  Keen  in  thcglobiilo;  when  the  globule  ia  within 
the  fucuH  of  the  objort-gla^  the  light  of  the  window  will  be 
aecn  to  swell  out  into  a  rireuUr  diiH- ;  these  appearances  arc 
more  or  \eea  accompanied  by  prismatic  colonra.  It  would  be 
in  vain  to  attempt  a  description  of  oil  the  changes  that  tAke 
place,  as  the  globule  ie  brought  either  within  or  without  the 
focus :  these  have,  in  some  mcofturc,  been  Ulut<tnited  in  one  of 
Or.  Goring'a  papers,  published  in  the  Afirroaropir  I Ua»trations 
of  Mr.  Pritcluu-d,  to  wliich  tiie  author  would  beg  to  refer  his 
readers;  suffice  it  here  to  eay,  that  when  an  nchroinntic  com- 
bination, that  is  perfet'tly  cttrrected  for  splierit-al  and  chro- 
matic aberrations,  is  cmployc<l,  the  globule  should  exhibit 
Himilnr  npp<»nmncc8,  both  within  and  without  the  best  forms; 
and  that  when  at  tiic  best  focus,  the  |X)int  of  light  sliould  be 
aeon  as  a  minute  disc,  free  from  irradiations  and  colour,  exee{>t 
a  general  bluencM),  which  results  from  Uic  irmtiontdity  of  the 
spectra  of  the  differeat  glosses  of  which  the  objcot^lass  is 
compose<l. 

It  would  be  needless  to  enter  farther  into  tliis  complicated 
subject,  as  rarely,  if  ever,  will  the  microsLXipist  find  it  ueees- 
mry  to  hare  recourse  to  such  delicate  nuvnipulation  to  tr\*  the 
qnolity  of  hia  magnifying  jjowcra,  more  especially  as  the 
nibjects  now  employed  as  te9ti<  of  their  definition  are  of  such 
\-aluc  ami  so  mnnagiiablc,  tliat  in  some  cases  u  simple  inspec- 
tion, by  a  practised  eye,  will  at  once  determine  the  respective 
merits  of  any  achromatic  combinations,  as  well  as  the  luuount 
of  skill  and  care  dlaplayed  in  tlicir  construction. 

Power  of  definition  depends  in  a  great  measure,  upon  tlie 
timjU  of  ajirrturf  of  the  object-gloss,  and  correctness  of  defi- 
nition upon  the  Imlnnce  of  the  aberrations  ami  the  perfection 
of  tlie  workmansliip.  As  it  is  of  the  greatest  importance  that 
the  meaning  of  the  term  angular  operture  should  be  well 
under8too<l,  it  has  been  deemed  right  in  this  place  to  enter  into 
an  explanation  of  the  same,  as  many  persons  unacquainted 
with  the  subject  are  at  a  Iohs  to  conceive  how  more  light  can 
paw  through  a  combination  of  three  pairs  of  lenses,  than 
through  a  ringle  lens  of  equal  magnifyii^  power. 

Anffte  of  Aprrturt. — Tlie  following  deacription  of  this  huI>- 
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jecU  copied  from  the  Mieroxcapic  Ilhutratitms  of  Mr.  Pritrbard. 
n-ill  Ih>  fuund  to  convey  an  excelk-nt  idea  of  its  nariire  ami 
value.  "  Let  me  premiee,"  says  he,  **  that  in  oixler  to  render 
any  object  viftible,  it  is  neeeasary  that  raya  of  light  should 
proceed  from  it,  cither  by  rcticetion  from  its  surface,  or  by 
transmission  throngh  it,  to  the  eye.  Again,  if  the  number  of 
rays  be  insufficient,  tlic  object  cannot  be  seen,  notwtthstandiac 
we  employ  a  microscope  for  the  purpose.  Bearing  ibii*  in 
mind,  I  will  endeavour  to  explain  how  an  increase  in  angidar 
aperture  in  an  objeet-plnss,  independent  of  any  decrca.«c  of  iti* 
magnifying  power,  will  admit  a  grcatt-r  quantity  of  light  frt»ni 
any  ^ven  point  on  the  (iurfnce  of  an  object  to  pass  tiirougfa 
the  lens  so  ns  to  render  the  stnicture  of  the  object  visible. 

"  Let  A  and  a  represent  two  obJi>ctt>,  in  all  respectt^  alike, 
and  let  us  emplc^  two  microscopes,  of  eqoal  njagroifyiuj; 
powers,  for  the  purpose  of  \'iewing  them.  Suppose  that  we 
are  going  to  look  at  some  spot  on  the  surliicc  of  A  or  a, 
whirh  we  will  imagine  to  be  a  delicate  tissue.  By  a  well- 
known  law  of  light,  the  rays  proceed  in  right  lines,  in  all 
directions  from  ibis  spot,  in  the  manner  »hown  by  the  lines  in 
figs.  258-9.  Suppose  B  B  and  A  A  to  be  two  object-^Iasscji, 
of  equal  focal  lengths ;  tlie  former  a  single  lens,  of  the  best 
construction,  such  as  was  used  in  the  old  compound  micro- 
scope, and  the  latter  a  lens  of  the  newest  form,  tcrmetl  an 
aohromntic-  Now,  these  objcct-glossos  will  form  their  respec- 
tive iinngFs  at  I  and  /',  and  they  will  be  of  eqanl  dimenstoTis. 
But  if  the  number  of  rays  pi-ocecding  from  A,  and  falling 
n[K>n  the  single  lens,  B  B,  is  not  enough,  when  collected  at  !» 
sufliciently  to  stimulate  the  eye,  auy  minute  pore,  atria,  or 
otlier  marking  at  A,  will  not  he  rendered  visihie ;  whilst,  from 
tlie  increase  of  aperture  in  the  achromatic  lens,  b  A,  allowing 
much  more  light  from  a  to  fall  upon  it,  and  to  l>e  transmitted 
through  it  aud  eolle<:ted  at  U  everj-  marking,  &c.,  at  a  will  be 
clearly  represented  at  i,  and  the  eye,  being  powerfully  acted 
upon  by  this  inoxease  of  light,  will  becomt!  highly  Aen&bie 
of  it 

•*  The  angles  BAB  and  bah  are  the  angles  of  npcrtore  of 
the  rpspcctivc  object-glasses;  and  tlie  qnimtity  of  light  col- 
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iected  an(1  transmitted  by  each  will  be  as  tlio  sqiiarra  of  B  B 
iinil  h  h,  the  focal  lengtlw  being  ri|ual.  Hence  it  \*  that  tlie 
power  of  fl  microscope,  or  Uiat  faculty  it  possesses  to  remlcr 


Fi(r.  25>t.  Fip.  a.'.'t. 

the  structure  of  nn  object  visible,  depemit*  upon  the  angle  of 
aperture  of  its  object-glass,  and  not  upon  its  magnifyinfr 
IMwcr  alouc. 

"  But  it  may  be  supposed,  perbape,  from  tliia  reajtoninj;,  that 
if  wc  throw  a  greater  quantity  of  light  upon  an  object,  so  ihat 
more  may  be  collected  by  the  object-glass,  we  Hhnll  be  tlip 
better  able  to  dcGno  its  utructure,  which  would  probably  be 
the  cose  if  the  additional  light  could  be  thrown  only  upon 
those  minute  parts  which  wc  wish  to  examine,  and  not  upon 
the  whole  object.  But  afl  we  cannot  ilo  this,  as  the  increase  of 
illurainatinn  cannot  be  made  to  increase  the  rrlnticv  projwrtion.i 
of  light  which  proceed  trom  these  minute  ports,  the  intended 
advantage  will  not  be  derived." 

Having  now  pointed  out  the  importance  of  angular  aperture 
to  an  object-ghiss,  when  all   its  abcrrationi  are  correctly 


halnncod,  it    becomes    ncceaBaiy   to  expLiin  bow  thu  as^e 
inay  be  lueastinxl  with  accuracy. 

Method  ofmettsuring  the  Arifffp  ofApfrtvrv  of  Ohjert-^iatsfs.- 
VariouB  plans  bavc  been  adopted  from  time  to  time  to  aarertaiil| 
this  important  point ;  but  by  far  the  best  of  all  is  that  proposed' 
by  Mr.  Lister,  in  his  paper  in  the  Vi\st  Tohuno  of  the  PhiUy- 
sopfacal  Trtntsactiorts,  p.  191,  wiiich  is  as  follows: — **  Kii  a 
piece  of  paper  on  a  table,  and  on  it  place  the  mierosoopc,  with 
il£  body  horizontal,  and  one  of  the  eye-pieces  on ;  set  a  candle 
on  a  level  with  it,  a  few  yards  distant ;  then  having  directed 
the  body  of  the  instrument  bo  far  on  one  side  of  the  candle  a» 
that  the  light  from  it  shall  bisect  the  iield  vertically,  lea^ 
half  of  it  dark,  trace  on  the  paper  a  line  corresponding  lo  th*' 
Ride  of  one  of  tbc  legs;  now,  taking  the  focus  of  the  object-, 
glft«a  as  a  pivot,  turn  the  microscope  horizontally  to  the  olhe 
aide  of  the  camlle  till  the  opposite  half  of  the  Held  only  it] 
illuminate<l,  and  mark  again  on  the  paper  the  position  of  thej 
side  of  the  leg.     The  measure  of  the  angle  tmverscd,  ehownl 
by  the  two  lines,  is  that  of  tlie  pencil  of  liglit."     The  niakertl 
of  the  objoct-glnsaos  do  not  usually  employ  a  microscope  foi 
the  pur|K)se  of  measuring  the  angles,  bnt  an  ini<tniment  of  the^ 
form  represented  by  fig  260,  for  the  copy  of  which  the  author 


Fig.  260. 

is  indebted  to  Mr.  Rose;  it  consists  of  a  piece  of  mahogany, 
or  other  Irnrd  wood,  of  a  semicircular  figure,  about  hali'-an- 
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inch  thick,  ami  of  sufficient  raditip  to  suit  the  length  of  an 
ordinary  coiii[>uiiR4l  budy,  the  curved  edge  is  graduated  into 
180^^  upon  the  flat  surface  of  the  gemicinrle  a  strip  of  wood  or 
index,  an  inch  ur  more  in  breadth,  is  made  to  turn  upon  a  plu, 
u«  aecn  in  the  figure ;  on  the  upper  surface  of  this  index  two 
crutches  are  fostenetl  to  receive  a  compound  IhkJv,  provided 
with  an  cye-piccc  of  the  usual  Uuyghenian  eoni^truction;  tho 
object-ghisB,  whoec  angle  of  aperture  is  about  to  be  mcaaured, 
is  florewed  to  die  opposite  end  of  tlie  body  to  lliat  of  the  eye- 
piece, an  in  the  ordinary  cutnpuuud  uiicrot<co[>e8.  The  inctliod 
of  u^ng  thia  in«tnimcnt  is  the  same  aa  tJint  of  t\w  tnicrosoope 
deBcribetl  by  Mr.  Liater;  u  candle  is  placed  a  few  yaniu  of!', 
and  tlic  iutttruiuent  ta  ao  arranged  that  when  the  index  points 
to  zero  the  fichl  of  view  should  be  vertically  biaected ;  if  now 
the  index  be  turned  so  far  tlial  tlic  oppi>site  hali'of  the  field  ia 
illuiainatcd,  the  number  of  degrees  paraofl  over  will  give  tlio 
measurement  of  the  angle  of  aperture  of  the  object-gla^ 
rciiuircd. 

In  the  early  days  of  Acbronuitic  nombinationa,  tho  angle  of 
aperture  was  small,  aud  it  i*  very  interesting  to  observe  how 
steadily  our  fir«t-rate  opticians  have  been  prngrea»ng  towardtf 
the  utmost  limit  of  conceivable  perfection.  As  tho  subject  U 
so  impoi'tant,  the  author  lias  thought  proper  to  introduce  in 
this  place  an  account  of  the  progress  Mr.  Ross  has  mode  in 
tmn^niittlng  angular  pencils  in  object-glasoea  of  difl'crcnt  foci 
since  tlte  year  1832,  for  wliich  valuable  intormatioa  he  is 
indebted  to  Mr.  Ross  himself,  who  has  kept  an  aocur«t« 
account  of  the  same.  "In  the  year  1832  he  made  for  \L  H. 
Solly,  Ksq.,  an  object-glass,  consisting  of  two  double  achro- 
matic combinations,  wluch  was  of  an  inch  focus,  and  transmitted 
a  |>encil  of  14".  In  1833  he  coustructoi  triples  after  the  plan 
of  Tulley,  having  an  ongtdar  aperture  of  18«.  In  1834  he 
mode  an  object-glass  of  one-fourth  of  an  inch  focus,  which 
transmitted  an  angular  pencil  of  55'';  this  glust*  i^  now  in  tlie 
author's  possession.  In  the  beginning  of  the  year  1836  he 
constructed  a  trijile  inch  glass,  witli  an  lingular  ajwrture  of 
1 5'*,  with  cemented  suHai-es ;  and  towards  the  end  of  tho  aaaie 
year  he  mode  glasses  of  oiie-cighth  and  one-tenth  of  on  inch 
30 
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focal  length,  which  tmnsniittcd  angular  pencUs  uf  00*  and  79^ 
About  thid  time,  in  conjunction  with  Kfr.  Linter.  he  caa- 
■tructcd  An  inch  objcct-gksa  of  two  combinatioDg,  the  form  of 
the  front  lens  being  6ug^!;e8ted  by  'Sir.  Lister  himself;  this 
glasd  was  capable  of  tmnsinitting  an  angular  pencil  of  22^ 
At  tliis  time  he  also  coustrueted  onc*eigbths,  the  tVont  glnsacs 
of  which  were  also  of  the  form  su^^ttsl  by  Mr.  VMter; 
these  had  au  aperture  of  63"  and  64'^;  be  continued  making 
these  last  until  the  year  1842,  when  he  increased  the  angle  of 
aperture  of  tlie  lialf-iuch  to  44^  of  the  tjuarlcr  to  63^  and  the 
one-eighth  to  74".  In  the  year  1844  Professor  Amica  riatcd 
tliij4  countr}',  and  brought  witli  bim  au  object-glass  of  onc- 
eevcntb  of  an  inch  focal  length,  with  an  aperture  of  1 12";  tliis 
combination  was  in  part  composed  of  T>r.  Famday*^  dense  glass. 
Mr.  Koss  copied  Amicl's  concitruction ;  but  found  the  dense 
glass  BO  exceedingly  soft  and  fragile,  as  to  render  it  nnfit  to 
receive  Uie  high  [Hilieh  so  et^scntiul  to  the  correct  fwrformance 
of  any  object-glass :  he  also  noticed  tluit  ^Vmici's  glaasoe  were 
much  tarnished ;  he  then  devised  a  new  construction,  whereby, 
witli  the  ordiaar)-  dense  glass,  he  obt^ed  an  a^ieiture  for 
pencils  in  the  oncKiightti  of  SH**,  and  in  onc-twclfth  as  liigfa  as 
1.35",  the  largest  angular  pencil  tliat  can  be  paiwe<I  through  a 
micrD!iCOj>ic  object^lasa."  As  now  constructed,  the  angular 
apertures,  with  the  greatest  separating  mngnitj'ing  power  of 
object-glasses  uf  different  focal  lengtlis,  arc  represented  in  the 
following  table: — 


Focal  hncDi. 


2  inched, 


fiuiiar. 


40  diamotcus, 
100        „ 
300        „ 
500 
650 
720        .. 


A  ngalM>  aperian. 


I2idg& 
22  „ 
43  „ 
63  „ 
80  „ 
120       .. 


NfMtntML 


1 

mm 

1 


1 
mm 

t 

mm 
am 


The  test  objects  now  generally  employed  for  ascertnining 
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the  merits  of  any  uchromatio  comhinntion  may  be  divided  into 
three  kinds;  viz.,  haint  of  nnimids,  Hcales  from  the  wings  and 
bodies  of  ineeetit,  and  rhc  siliceous  coatings  of  recent  and  foe«I 
infusoria,  thoec  of  tlic  latter  kind  he'iD^  Uiu  mtiet  difKcidt  of  all 
to  define.  The  following  list  contains  some  of  tliose  that  Mr. 
Topping;  nnd  others  arc  in  tlie  habit  of  furnisliing  to  theircus- 
tomcrs  as  te^t  objects,  they  being  covered  witli  the  thinnest 
gbiw,  in  onler  that  object-glasses  of  the  highest  power  may 
be  employed  u]H>n  them  :^ 


Bain. 

l^arva  of  Dcruestes, 

Mole, 

MoUM, 

S(|airrcl. 

TinoA  TMUanolla, 
r^ptstna  Aftccbarina, 
Podurn  jiIiiiiiWb^ 

B<iaiitica, 

llipparchift  juiirv, 
Pluucd  GuaL 

Sfoift. 

/■i/Wfona. 

.\zure  blue,  F.  nrgiolii^. 

P.  U^^A. 

PoDtk  branica. 

Nftvicala  hippocain|MU, 
— —      SpejKNjri, 
atiguUta(lIunibcr|, 

VwiWfui  lo, 
Miiq^tho  Mcnelntis 
Alticita  pentailArt^lfl, 
Catoada  Qa|>ta, 

GriuiimAlni>hom  (America), 
Tripoli  from  Kritcbelborg. 

Htueolir  fibro. 

Frrwn  this  list  the  author  has  selected  a  certain  nnmlier  of 
eacli  class,  and  highly  magnified  reprcsent-itions  of  them  arc 
given  in  platc»  vi.,  vii.,  viii.,  and  ix.,  which  may  he  looked  upon 
as  the  finest  cngmvcd  specimens  of  these  minute  structures  that 
have  yet  l>een  executed,  and  reflect  the  greatest  credit  both 
on  the  artist  and  the  engraver,  tlie  urigiual  drawings  having 
been  accurately  traced  with  Mr.  Leonard's  wcU-knoim  skill 
by  meant!  of  the  C^amem  Liieida  applied  to  tlic  mlcrottcope, 
the  i>owcr  employed  with  some  of  them  being  as  high  as  2.000 
diameters. 

Bat's  Hair. — This  beautiful  structure,  represented  by  A, 
figs.  1,  2,  and  3,  plntc  vi.,  is  obtained  from  a  species  of  bat  in- 
habiting some  pcirts  of  India;  it  is  remarkable  as  presenting  a 
scries  of  scale-liko  projectionsi  arrai^cd  in  the  fonn  of  a  whorl 
30» 
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around  the  central  part  or  ehah;  these  fire  least  niimeniiis  at 
the  base  of  the  hair,  ae  shown  at  fig.  2,  but  gradually  incrcftie 
in  numlier  and  size  towards  the  apex,  as  seen  in  fi*.  1,  near 
which  they  are  very  abundant,  but  do  not  project  eo  far 
beyond  the  sha^;;  this  may  readily  be  seen  by  contmstuig 
fig.  3  with  fig.  1.  In  Bome  hairs  the  succeaeion  of  whorls 
resembles  very  mach  a  series  of  conical  bags  placed  one  witiiia 
the  other;  the  principal  parts  of  the  hair  that  form  a  teat  of 
tlie  defining  power  of  a  lialf-inch  object-glass,  ore  the  delicate 
points  that  surround  the  upper  edge  of  each  whorl;  these, 
with  a  well-coniitructed  combination,  should  be  shown  exceed- 
ingly sharp,  and  the  whorls  themselves  made  to  stand  Utidiy 
out  from  tbo  lihafl ;  in  some  of  the  small  species  of  Knglish 
bats,  the  whorls  arc  arranged  in  a  spiral  form;  but  in  this 
spetnmen  there  is  plainly  no  euch  du|K)ation. 

Mouse  Hair. — The  hair  of  this  common  little  nnimal  differs 
tnaterially  botli  in  structure  and  in  size  from  tliat  of  tlie  bat 
above  noticed ;  at  B,  in  plate  vl,  are  shown  four  partfi  of  a 
lai^  dark  hair,  whiltit  nt  D,  in  the  aiune  plate,  corresponding 
portions  liavc  Wen  sclerted  from  a  small  flat  hair.  At  H  1  is 
shown  the  base  of  ono  of  the  large  hairs,  on  which  are  certain 
markings,  whilst  in  2  and  3  the  internal  stnicture  is  seen  to 
be  cellular,  there  being  three  or  more  cells  in  each  row,  the 
colour  of  the  hair  depending  upon  the  greater  or  less  amount 
of  the  black  pigment  contained  in  the  eeJls.  AVTien  \-icwcd 
with  a  power  of  100  or  200  diameters,  all  the  light  ports 
should  be  shown  distinctly  from  the  dark,  and  the  line  of  sepa* 
ration  of  the  two  correctly  defined.  l*he  apex  of  the  large 
hair  is  seen  nt  4 ;  it  is  of  very  small  size  as  compared  witli  tlie 
central  portion,  and  exhibits  nu  trace  of  cell  lu  Its  interior. 

At  D  are  shown  four  parts  of  one  of  the  small  flat  hairs 
from  the  same  animal ;  the  structure  of  the  base  and  apex,  as 
seen  at  I  ond  4,  is  similar  to  tliat  uf  the  larger  huti*;  but  the 
internal  structure  of  the  intermediate  portions,  as  exhibited  at 
2  and  3,  is  \GTy  diflerent ;  lu  3,  the  dark  cells  extend  entirely 
across  the  hair,  and  ore  arrauge<l  at  equal  dititances,  whilst  at 
2  a  rudimentary  fonn  of  cell,  containing  a  small  quantity  of 
pigment,  is  seen  to  occupy  tlic  central  {>ortioa  of  the  shaft. 
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The  figures  representeU  by  IJ  and  D  were  draws  by  a  mag- 
nifying power  of  500  diameters;  but  ne  a  test  of  the  defining 
power  of  u  half-inch  object-glaes  they  ehould  be  cliiefly 
employed.  When  viewed  us  an  opa^jue  object,  this  hair  ta 
very  beautiful,  the  dark  parta  will  then  appear  very  much 
more  light  than  tho^c  tliat  arc  transparcut,  and  the  atnicture 
will  bo  imagined  to  be  quite  the  opposite  of  that  seen  by 
transmitted  light 

Jiair  of  thf  Dertnestes, — Thifi  very  remarkable  hair  \a  ob- 
tained from  tlie  larva  tif  a  ionall  beetle,  commonly  met  with  in 
liocun  and  hams  and  other  dried  aiiimiil  tiubatanccd;  it  is 
covered  over  with  brownish  hairs,  the  longest  specimens  of 
which  ehould  be  selected.  When  one  of  tlifse  is  viewed  with 
a  magniiying  jjower  of  200  dianaeters,  the  upper  part  presents 
the  appearance  shown  at  C  1,  and  may  bo  said  to  consist  of  a 
tihatl  and  expanded  extremity  or  bead ;  tlic  ahafl,  like  that  of 
the  hairs  of  some  other  larvic,  is  covered  with  whorle  of  lai^ 
close-set  spines  four  or  five  in  number  in  each  whorl ;  these 
arc  closely  arninged  one  above  the  other,  as  seen  ut  2 ;  the 
itppcr  part  of  the  shaft,  near  the  hcod^  is  provided  with  several 
laiger  and  more  obtuse  apinea,  fonning  a  knob  above  tins,  as 
seen  lu  I  and  3 ;  tlie  shail  is  naked  for  a  very  short  distance ; 
it  then  beeomcs  invested  with  six  or  seven  large  filaments  or 
sjiines,  which  are  |ioiuted  at  their  dtstal  extremities,  and  pixi- 
vided  with  a  small  protuberance  at  their  proximal  ends,  wher^ 
by  slight  pressure,  they  may  be  separated  one  from  tlie  other, 
08  seen  at  3,  or  they  may  sometltiies  be  detached  at  the  apex, 
as  seen  at  I.  In  the  early  days  of  testing  microscopes,  these 
liairs  were  foimd  rather  difficult  of  definition,  and  no  one 
would  imagine  that  fig.  20,  in  Mr.  Pritchard's  twelfth  plate, 
before  quoted,  was  vS  the  same  nature  as  C  1,  2,  3,  in  plate  vi 
of  tlie  present  work.  This  very  beautiful  hair  now  forms  a 
good  test  of  the  defining  |>ower  of  a  half-inch  object-glass. 

We  next  come  to  a  claae  of  objects  much  more  <lifticult  to 
exhibit  than  any  of  the  preceding;  tliese  ^vill  form  excellent 
testrf  of  the  good  qualities  of  the  qiuu^er  and  one-cigbtli  of 
au  inch  object-glasses,  and  consist  of  scales  removed  cither 
from  the  wings  or  the  body  of  insecta. 
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Hiyparchia  Janira  (Commoa  meiulow  brown  butterfly^ 
This  teat  was  first  shown  in  this  country  by  Ainici,  in  1844. 
by  his  object-glasa  of  large  angular  aperture,  before  tieecribed 
at  page  460.  Fig.  1,  pktc  vii.,  exhibits  one  of  tlicsc  acalcs 
magnified  500  diameters ;  on  it  may  be  seen  longitudinal  etrias, 
with  a  nuinlier  uf  brown  spots  of  irregular  shape ;  when  the 
magniiying  power  is  increased  to  l,iiOO  diameters,  the  brown 
cells  lire  mode  more  evident;  but  the  strim  are,  in  a  great 
measure,  obscured  by  them,  as  shown  in  plate  -vuL,  tig.  7. 

Pontia  Brassica  (Common  cahlMige  butterfly^ — Tins  ficale, 
like  tiiat  of  the  H.  janira  above  noticed,  is  provided  at  its  frve 
extremity  with  a  brush-like  appendage;  when  magnified  500 
diajneters,  it  presents  the  appearance  shown  by  pLito  vii.,  fig.  3; 
(he  strite  seen  on  it  aipc  longitudinal,  which>  with  tliia  power, 
appear  to  be  composed  of  rows  of  little  squareft  or  beads ; 
when  a  ]K>wcr  of  1,300  is  cuiptuyed  u|Hin  them,  tlie  stris  hare 
between  them  elongated  dots  or  cells,  probably  of  pigmenL 
Fig.  5,  plate  viii.,  represents  a  portion  of  fig.  2  magnified 
1,200  diameters;  and  fig.  G,  in  plate  viii.,  a  portion  of  one 
of  the  course  scales  fix>m  the  same  insect  viewed  under  similar 
circumstances.  • 

Poiyomrnatus  Aryiolux  (Azure  blue).— One  of  tlie  delicate 
scales  from  tins  beautifiil  insect  is  shown  at  fig.  3,  plate  vli., 
maguified  500  diameters ;  it  ejcliibits  tmdcr  this  power  both 
longitudinal  and  transverse  striee,  the  latter  being  much  more 
delicate  and  difiicult  to  detect  tluui  the  funncr.  This  scale 
forms  a  very  good  teat  of  the  defining  power  of  a  quarter 
an  inch  object-glass. 

Scaies  of  Podurai V<namon  t<j)ringtail ). — The  body  and  le^ 
of  theee  tiny  creatures  arc  covered  with  scales  of  great  deli- 
cacy;  according  to  Mr.  Pritrhard,*  thcdr  value  aa  test  objects, 
for  the  high  powers  of  the  microscope,  was  discovered  by  the 
late  Mr.  Thomas  Carjicnter,  of  Tottenluim,  whilst  mnkii^ 
some  experiments  with  a  plano-convex  jewel  lens,  adapted 
as  an  object-glass  to  a  niicmscojw,  provided  with  a  Huygbc- 
nJan  cyc-piccc;  since  his  time  they  have  been  employed, 
even  up  to  the  present  pcrioil,  as  teats  for  the  higher  powers ; 
*  Mkrotcopie  Catmui^  p.  150. 
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but  many   [tenons  now  U8C  specimens  of  infusoria  of  the 
j;cnu8    Naviculu  for  the  aume  puqioee.     Two  of  the  scalce 
from  the  body  arc  represented  by  figs.  4  and  5,  oa  seen  under 
a  ma^ifjnnff  power  of  SiOO  diaineterB ;  that  shown  at  6g.  4  in 
one  oi'  the  larrrci^t  that  rould  be  procured;  whibt  that  ut  Hg. 
6  'is  very  small,  and  it*  markings  exceedingly  deUcate.     The 
surface  of  ciich  apj)eurd  ctjveit'd   with  inuncase  numbers  of 
delicate  wedge-shaped  dots  or  8calc«,  armnjj;eil  so  as  to  form 
both  loni^tudinal  and  transverse  wavy  markings ;  but  when  ft 
(xirtion  of  fig.  4  is  mngaiBod  1,250  diameters,  it  prcaenta  the 
appearance  shown  at  fig.  -ia ;  tlie  scales  may  then  be  seen  to 
stand  out  boldly  from  the  surface ;  at  Llie  upjicr  part  of  the 
specimen  they  also  project  beyond  the  edge.    It  would  appear 
from  Mr.  Pntcltard's  figure,  that  at  the  time  of  the  publication 
of  the  work  above  quoted,  nothii^  but  longitudinal  and  ob- 
lique lines  could  be  mode  out,  the  powers  then  employed  not 
being  uble  to  separate  tlie  longitudinal  ones  into  a  number  of 
very  minute  elongated  dote  or  scales,  and  the  transverse  ones 
into  rows  of  the  same,  arranged  somewhat  in  a  wavy  manner. 
The  smaller  ^:a.\ti,  fig.  5,  is  very  much  niort^  difficult  to  exhibit 
than  tlie  larger  one,  and  forms  a  good  test  of  the  defining 
power  of  u  onc<twelfUi  or  onf>aixtei?iith;  the  markings  are  of 
precisely  the  same  nature  as  those  of  tlie  larger  sade,  but  are 
much  more  difiicult  to  bring  out 

These  insects  abound  in  damp  cellars,  where  they  may  be 
seen  running  or  Kkipping  u|ion  liic  wnlls.  Mr.  l^rilchard 
reoommcnds  the  tbilowiug  method  of  collecting  them,  viz.: — 
**  To  sprinkle  a  little  oatmeal  or  fluiir  on  a  picco  of  black 
paper,  and  lay  it  near  their  haimts;  af^er  a  short  time 
the  [taper  may  be  removed  and  carelully  placed  in  a  glazed 
bason,  bo  that  when  they  leap  from  the  paper,  on  being 
brought  into  the  light,  they  may  fall  into  the  bason,  anil  tJuia 
sctMiratc  themselves  from  the  buit.  They  should  tie  cautiously 
handled,  and  pbced  either  in  little  tultes  or  boxes,  with  cam- 
phor to  preserve  them  from  tlic  ravages  of  other  insects.* 

*  It  ia  tail]  ttiat  tliQ  Kruiich  opiiiuAnB  cui}ilt>]'  lu  a  ImX  the  acabi  of  ■ 
djiticics  uf  I'lKluTii,  iiiuiuhI  I'ttrobiuM  murilimiu,  which  is  virry  oliundBnt  on 
thv  sex-vuMt;  thu  iiinrkiiigit  mii  lUvsv  sooIm  ore  vcrjr  iii.rtiii|>  mkI  camIjt 
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Settles  of  I^pisma  Saccharitut. — These  arc  bo  eit»ly  moUc 
out  by  the  lowest  powers,  that  tlioy  can  hanlly  be  called 
by  the  name  uf  tcsU.  Figs.  8  and  9,  id  plate  bu,  reprcftcnt 
two  of  the  scales  tnaf2:mfie(1  500  diametere ;  the  longitudinal 
HtriaD  appear  t«  tstand  nut  la  bold  relief,  like  the  ribti  od  a  AheU ; 
they  are  emoUest  at  the  lower  part  of  the  acale,  and  increaK 
iu  breadth,  and  be(»nie  more  prominent  ad  they  proceed  to- 
wards tlic  outer  margin ;  a  good  glass  should  define  well  the 
oontraat  between  tlie  etria:  and  the  intempaces. 

Scalti  front  thf  GnaCi  IVing. — Two  of  these  arc  represented 
by  figs.  1  ami  2,  in  plate  viii.;  when  magnifietl  51.M >  diiunetera, 
they  exhibit  very  bold  longitudinal  bands  or  atritc,  whidi  pro- 
ject beyond  the  end  In  the  Ibnn  of  spines;  in  tlir  lucmbrane, 
between  the  longitudinal  striu:,  tliere  is  sometimes  an  appear* 
ancc  like  the  wateiing  of  silk;  it'  one  of  these  scales  be  viewed 
with  a  ,'j  of  !)()^  aperture,  numerous  stria;  will  be  seen;  but  if 
on  the  same  scale  one  of  130*^  be  employed,  half  of  ihe  lines 
will  diaappear,  which  proves  that  the  first  effect  waa  due  to 
interference. 

liattletloor  Hcak  of  J'vfyumt/utttis  Arylulus  (Azure  blue). — 
One  of  tiiese  elegant  scales  is  represented  at  fig.  3,  plate  vUL, 
08  seen  under  a  magnifying  [Hiwer  of  600  diometen^;  when 
badly  defined,  ita  surfiicc  appears  covered  witli  coarse  longi- 
tudinal striat ;  but  under  a  good  ol)ject-gla*s,  the  stria;  arc  in- 
terrupted by  small  rings  having  a  hair-like  projection  Irom  the 
centre  of  each ;  the  rings  arc  at  some  little  distance  ni>art,  and 
are  joined  tt^ether  by  minute  longitudinal  strias  in  the  lower 
part  of  the  scale  tlicrc  is  a  curved  band  with  its  convexity  to- 
wards the  point  of  attachment  of  the  scale,  which  coueists  en- 
tirely of  minute  black  dots  of  pigment ;  the  etria;  between  tlus 
band,  and  what  may  be  termed  the  quill  of  the  ftsather,  arc  not 
iuternipted  by  rings,  but  consist  of  eoutinuous  Imcs,  lui\'iiig 
black  dot«  upon  tlicm.  A  good  defining  power  should  show 
the  dot«  in  iJie  rings  and  the  connecting  slriie  between  each 
very  distinctly. 

undo  out  bv  Sfconil-rnto  iii^lrumcDU,  hence*  sonu'  raulion  is  nervwnrjr 
ihat  proper  Hcalex  bf  oclivtcd  for  exuninauoo.  tlic  beet  of  all  bciug  thoie 
of  tlic  kind  shown  br  tig  5. 
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SeaU  of  Marphu  Mmelaux. — A  scale  of  this  Hplendid  butUuv 
fly  is  shown  at  tig.  4,  plntc  viii.>  magnified  500  diaineten;  it 
eJchJbitB  stningly  marked  longitudinal  and  very  delicate  Inuw- 
versc  tJtriw,  ti»c  ibrincr  imjucntly  bifurcating.  In  former  times 
it  required  a  good  quarter  to  exhibit  the  transvens«  atrin; 
but  till!  half-inch,  vi£,  now  cou^^tructcd,  will  show  tlieni  readily. 
In  taking  the  scales  from  the  upper  surface  of  the  wing  of 
thu  beautiful  im^eet,  tlie  pule  blue  apcciniciis  dhoulJ  be  se- 
lected ;  nmny  of  these  have  a  thick  coHting  of  colounng  matter, 
aod  in  examining  a  scries  of  them,  it  will  of^n  happen  that 
•Ofilcs  will  be  seen  having  certain  Hpoccs  or  parts  of  tlicir 
IWlftew  more  transparent  than  the  rest,  and  without  any 
trace  of  strijo ;  this  id  due  to  the  removal  of  the  pigment,  and 
with  it  the  strlatvd  layer.  This  object  tonus  a  good  test  for 
tlie  half-inch  objcct-glaae,  which  should  show  clearly  the 
transverse  striic ;  and  if  the  scale  be  |>crfectly  flat,  the  stria' 
shoultl  be  seen  over  the  whole  of  its  surface;  but  it  generally 
hap^KHs  that  they  arc  only  well  defined  in  ccrtiun  situations. 
The  pigment  under  very  liigh  powers  exhibits  a  dotted  ap- 
pearance between  the  stria;. 

For  many  years  several  species  of  siliceous  infii^jria  of  the 
genus  Xavicuk  have  been  employed  as  tests ;  but  with  im- 
proved object-glasses  the  lines  or  dots  on  tlieir  surfaces  can  be 
60  easily  maile  out,  tliat  tliey  arc  no  lunger  used ;  but  in 
more  modern  times,  several  new  spedes  have  been  discovered, 
which  even  now  require  the  aid  of  the  highest  powers  and 
most  careful  nuuiipulatlou  to  show  their  true  characters;  the 
first  of  these,  and  the  one  most  easily  ejthibited,  is  the  Nnvicuia 
nifiixKiwipus.  This  beautiful  eiKiie^  was  6rBt  brought  under 
tlie  notice  of  the  micro8t:opist«  in  tliis  metx-upoUa,  by  Mr. 
KoberL  Harrison,  of  Hull,  iu  June,  1B41,  the  longitudinal 
JttilV^OD  the  surface  of  which,  he  was  the  first  to  discover. 
After  *  careful  examination  of  the  same  infusoria  at  a  sub- 
sequent period,  Mr.  Harrison  also  detected  transverse  stiio:  as 
well;  but  these  he  found  more  difficult  to  exhibit  than  the 
longitudinal  scries.  A  representation  of  this  animalcule  le 
given  in  (date  ix.,  fig.  1,  as  seen  under  a  mAgiuf>-i»g  power  of 
5U0  diameters,  and  at  fig.  2,  under  one  of  1  ,'200. 
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It  will  be  noticed  that  the  aon^alled  lon^turlinal  and  tmnt^ 
veno  atrm  uo  resolved  into  dots,  which  are  eo  amu^^  aa  to 
))rc6cnt  under  objectrglaasea  of  low  power  the  appcnrancc  o( 
loDgitudiuul  aiid  tmnsverec  linea.  ^VlIeu  viewed  by  a  power 
of  500  diameters,  it  is  readily  Been  thnt  ita  surface  is  convex^ 
and  tliat  the  dots  are  projections  from  tlie  surtUce ;  a  currod 
atnicturclcss  line  ruoa  down  the  middle  of  the  shell  in  the 
centre,  an<l  at  each  end  the  line  is  expanded  into  an  oval  epot : 
on  the  edges,  near  tlie  ccntnd  spot,  the  dots  ans  elongated 
trandversely,  and  appear  as  so  many  short  l)ands.  This  species 
uf  uavictda  la  an  excellent  te«t  for  a  quarter  of  au  inch  object' 
glass,  which  should  show  distinctly  both  sets  of  Unca  or  dots 
by  oblique  illuniination. 

Navicula  Anynlata. — This  exceedingly  beautiful  species  WW 
fin>t  found  upon  conferva  in  the  Humticr  at  Hull,  and  throe 
sets  of  lines  discovered  ou  it,  by  some  mieroscopists  residing 
tliere.  Since  then,  its  structure  has  been  carefully  worked 
out  by  Mr.  (Vdlett  by  an  approved  inetiiod  of  illumination 
and  of  mounting  between  thin  glass,  and  these  supposed 
lines  have  been  resolved  by  him  into  minute  dots  or  eleva- 
tions from  tlie  surface,  which  are  so  arranged  aa  to  preecnt 
longitudinal,  transverse,  and  obliciue  markings,  under  certain 
conditions  of  illumination.  Fig.  4,  plate  ix.,  is  an  entire 
specimen  seen  under  a  magnifying  jwwcr  of  500  diameters; 
and  fig.  5,  a  portion  of  the  saute  magnified  I,*200  diamcten; 
wtiilst  at  fig.  6  is  represented  a  still  more  highly  magnified 
view  uf  a  portion  of  anotiicr  iijtccimeu.  for  which  the  author 
is  indebted  to  Mr.  Gillett,  from  whose  microscope  it  was 
sketclied  by  Mr.  Lctmard ;  the  angle  of  iucllnatiou  of  the  dote 
to  the  sides  of  the  shell  was  found  on  measurement  to  be  51" 
in  some  specimens,  and  nearly  GO^  in  others.  Whenever 
these  infusoria  are  viewed  by  means  of  very  oblique  Ugfatr 
tlie  appcaranwp  presented  are  tho^e  sliown  in  figs.  4,  3,  6 ; 
but  under  the  most  favourable  illumination,  either  from  a 
white  cloud,  or  a  lamp  with  direct  light,  and  a  magnifying 
|>owcr  of  at  leaiit  1,200  diameters,  tlic  lines  arc  all  shown  tu 
be  dots  or  elevations  from  the  suWiicc,  being  exhibitet]  oa  thoy 
occur  on  a  auiall  (>ortion  of  tJie  i^iell  by  fig.  7.    Fig&  1, 2^  4,  5, 
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6,  are  all  exceedingly  useful  in  their  way,  to  show  how  by 
very  oblique  pencils  of  light,  witli  gliwses  of  unuill  api^ture, 
dots  cloacly  approximntcd  may  be  converted  into  lines. 

Another  very  good  t^'st  of  the  defining  power  of  a  micro- 
scope is  the  ultimate  dtructure  of  voluntary  niuaeulor  fibre, 
about  which  many  differences  of  opinion  have  been  raised. 
The  tno«t  excellent  specimens  of  tliiti  beautiful  structure  thai 
have  yet  been  shown,  are  those  prcimred  by  Mr.  Lealaud, 
from  one  of  which,  with  his  kind  assistance,  Bga.  10,  11,  12, 
have  been  been  dmwn  by  Mr.  Leonard.  Fig.  10  repreienta 
n  portion  of  a  muiteular  fibre  or  faaciculus  of  a  pig,  magoified 
600  diameters,  which  has  been  ao  far  separated  as  to  exliibh 
the  structure  of  the  ultimate  fibrcH  or  fihrilla'.  Fig.  11  ia  n 
epeuimeu  tukeu  frum  another  part  uf  the  some  prejianition, 
but  ina^ilied  1,200  diameters;  in  this  it  w31  be  seen  that 
each  fibril  ia  eomimw^d  of  alternate  bands  or  stripes  of  two 
distinct  structures;  but  on  more  eorpful  uxanuoatioQ,  a  trans- 
verse line  will  be  found  between  each  dark  band,  which  gives 
to  tlic  fibril  an  »p[)i'arancc  of  being  eom[W9ud  uf  a  linear  seriett 
of  more  or  less  ubioug  or  stjuare  cells,  witli  a  dark  sub«ta»ce 
in  the  centre  of  each,  as  shown  in  fig.  1 2,  in  some  caaes  as  in 
fig.  II;  tlic  tninsfKirent  cell  wall  cannot  b«  easily  seen,  tho 
dark  substance  extending  aa  far  as  tho  sides  of  the  cell 

Aobert's  Ttfts. — M.  Nobeit,  of  G^icfl^^vaId,  having  occupied 
himself*  for  some  years  in  the  manufacture  and  the  testing  uf 
a  brgc  compound  microscope,  diecoTcrcd  that  the  productions 
of  nature,  which  liad  been  .almost  exclusively  used  as  test 
objects,  were  more  or  less  (Mcrcot  io  the  nature  and  lurrungc- 
ment  of  their  nwrkings,  hen<T  hi^  was  Iwl  to  tlie  employment 
of  such  objects  for  eomimrison  as  can  be  reduced  to  number 
and  measurement,  as  motlem  philo80]>hy  requires  in  all  its 
parts.  The  plan  adopteil  by  M.  Nubert,  is  to  etch  on  gbia 
ten  separate  bands  at  equal  distances;  each  band  ia  composed 
of  parallel  lines  of  some  known  fraction  of  the  old  Paris  line; 
in  the  first  band  they  are  ^r/ao  and  in  the  last  lo^njj  of  the 
same  quantity,  whilst  the  intermediate  gruu[)s,  with  regonl 
tu  the  distance  of  tliuir  jwrallel  lines,  fonu  porta  of  u  geo- 
metric series;  these  liavc  been  kiudiv  tiuiiialied  bv  Mr.  I>o 
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La  Rue,  in  a  teat  plate  received  frwn  M.  Nobert  in  Jauiiary, 
1850:— 


Una*  in 
ucbbAiid. 

I'kTU  of  •  rftn*  Uas. 

VmrlMoIlM  BoftlMh  Inch. 

1 

16 

0-000250 

1 

0-00002220 

1 

2 

17 

0-000235 

1 

0-00002087 

1 

3 

18 

O-0O0222 

*i» 

0-00001971 

1 
aiitt 

4 

19 

O-fKWISl  1 

1 

0-O0001874 

1 

5 

20 

0-000200 

1 

0-00001776 

1 

6 

22 

0-000182 

1 

0-Oi-KJOiniG 

7 

23 

0-000174 

1 

0-tK.K>01j45 

1 

am 

8 

25 

0-000160 

1 
iSfo 

0-0000  U21 

1 

9 

27 

(WXHH48 

1 

0-tHHX)13I4 

1 

10 

29 

0-000138 

0-00001225 

tiM 

n 

32 

0-000125 

^mr 

0-00001 1 10 

12 

35 

0-0<K)114 

B.li4 

0-00001012 

13 

39 

o-oooioo 

w» 

0*00000888 

lajB 

On  cxaraining  tine  plate  with  a  ^  ohject-glaas  of  IW 
aperture,  Mr.  Du  Lu  Hue  fouud  that  the  liue^  are  ticcn  ou  all 
tlie  bands ;  but  the  lines  seen  on  some  of  them  are  Epeetral, 
and  not  the  real  lines  ;  an  effect  which  may  be  demonstrated 
oo  obeerving  the  plate  of  fifteen  series,  say  with  a  half-inch 
objcct-^lafls  at  firttt,  and  then  one-fourth ;  the  half-inch  object- 
gla88  will  allow  uiany  of  the  Bcrics  to  bo  lined  which  it  fails  to 
develop  clearly,  but  which  are  readily  resolved  on  using  the 
one-fourth.  Having  obsen-cd  ihb,  Mr,  Dc  La  Uuc  requested 
AL  Nobert  to  take  note  of  and  ^ve  him  the  number  of  the  line« 
of  each  ueries  in  all  iiiturc  plates  he  might  make  for  him,  which 
he  aceortlingly  did.  In  thie  way  he  was  able  to  control  the 
ol>8er\':ition,  and  pn)nounccd  the  eighth  scries  to  be  perfectly 
and  clearly  separated  with  Koss^s  -^  of  IM";  and  he 
thinks  that  even  the  ^.l^  lias  yielded  to  its  defining  power  ; 
but  it  lA  »o  difficult  to  count  the  fine  Uuca,  that  he  cannot 
speak  with  absolute  certainty,  but  he  has  no  doubt  in  bis  own 
mind  rcsjiceting  it.     M.  Nobert  haa  since  furnished  Mr,  Do 
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ha  Kue  with  another  teat-plate  of  fifteen  seriefl  of  Uncs,  whicb 
liatt  been  resolved  ua  follows: — 

Noberfs  recent  Test  Plate  of  15  series  of  lines. 


Unnla 

Pttrti<irft?«H«UUL 

rvtooiraii  CnclUh  bwk. 

1 

7 

0-001 000 

0-00008880 

1 

TIjii 

2 

8 

0-000830 

0-O0007fi59 

1 
kOm 

3 

9 

0-000730 

0000064  W2 

1 

4 

in 

0-000620 

0-00005508 

1 
HQli 

3 

11 

o-oooaao 

O'00004flfl4 

1 

6 

13 

0-000480 

0-000<>I202 

1 

7 

15 

0-000400 

0O0003552 

1 

R 

17 

0-000350 

0-(KKX)310rt 

1 

Kin 

1 

ieim 

1 
k>Mu 

[ 

9 

19 

0-000300 

0'0ooti2(ir»4 

10 

21 

0-000275 

0-00002442 

u 

23 

0*000250 

0-00002220 

12 

24 

0-000236 

O-(M)()02134 

1 

13 

26 

0-000225 

0-000O1998 

1 

U 

27 

O-00O213 

0-00001891 

1 

IS 

29 

0-000200 

0-00001776 

MJm 

All  the  foregoing  were  accn  with  a  quarter  inch  ohject- 
glaM  of  Roea's  make,  and  having  an  aperture  of  80»,  the  slide 
being  llluminatcfl  in  an  oblique  direction  with  a  common  hull's 
eye. 

In  oirlcr  to  render  the  aubjcct  more  intelligible,  the  author, 
through  the  kindness  of  his  friend.  Dr.  J.  Hughes  Bennett, 
I  haa  been  enabletl  to  give  tlie  following  rcprc^mntations  of 
H  M.  Nobcrt's  truly  wonderful  productiona  Fig.  261  cxhibita 
^H a  piece  of  glass  of  the  some  size 


Fig.SCl. 


08  the  original,  ou  which  in  the 
centre  are  ruled  the  ten  bond* 
or  clustcnt  of  lines  before  nl- 
luded  to,  the  entire  number 
occupying  so  small  a  space  as 
the  ono-fourth  of  a  line;  when 
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this  glass  ifi  placed  under  a  rQAgmfyiog  power  of  about  XwS  < 
diametcns  the  band«  containing  the  feire«t  nan^)er  of  Hncs 
in  them  will  present  tJie  appearance  phown  by  fi^.  262,  in 
which  arc  exhihited  the  linea  as  seen  in  four  of  the  coarsest, 
tlie  otlier  mx  with  so  low  a  power  not  heing  Waible,  and  even 
tlioec  in  the  fourth  band  requiring  8ome  core  in  the  illumina- 
tion to  define  them  sati^ 
factorily.  In  order  to  us*.* 
thiit  test,  the  bands  are 
viewed  hj  glosses  of  dif- 
ferent focal  lengths,  in 
tlie  same  manner  as  any 
f''"^^'^  other  lined   objccta,  nnd 

the  number  of  the  banda  with  their  lines  cleai-ly  defined,  iriD 
form  a  good  criterion  of  tl»c  merits  of  any  mugnl^'ing  power 
from  ion  tn  2,()0()  diamcLci's.  Thus,  for  instance,  if  a  quart^or 
of  an  inch  olyect-glosa  be  employed  with  tht  best  illumination, 
nine  of  the  bands  may  he  seen,  and  tlie  lines  in  seven  of  them 
clearly  detinod,  but  still  nu  trace  of  Uic  tenth  bimd  lisiblc;  if, 
however,  a  twelftli  Is  iifH'd,  the  linea  in  tlie  tenth  may  be 
shown;  and  these,  although  tlie  j^l^-o,  of  an  inch  apart,  arc  as 
perfectly  etchetl  as  tho»e  in  tlie  first  hand,  which  arc  ecTCDty 
times  as  coarse  as  those  in  the  tenth.  Of  all  the  tests  yet 
found  for  object-glasses  of  high  power,  this  would  appear  to 
be  the  most  valuable,  and  one  which  comes  the  nearest  to  the 
utmost  limit  at  which  the  position  of  a  line  can  be  accurately 
ascertained.  M.  Nobert's  paper  is  published  in  Pttpf/rR- 
dorfi  Annnlen  for  1846;  but  as  it  woidd  be  foreign  to  the 
object  of  thit*  work  to  enter  so  scientificnlly  into  the  cxplonntioB 
of  tlie  reai<unH  fur  lulopting  tliis  valuable  form  of  test  glass  as 
AL  Nobcrt  has  done,  the  reader  is  referred  to  the  paper  itself, 
whirh  will  well  rcjiay  an  attentive  |>eni«al,  jis  the  information 
it  contains  is  of  the  highest  pmctioal  impoi-tance.  Accompa- 
nying the  tost  kindly  lent  to  the  author  by  Dr.  Bennett,  waa 
another  glai»,  on  wliich  were  etehed  in  a  similar  iiuinner  a 
series  of  lines,  the  jJo  of  •»  millimetre  apart ;  these  were,  liko- 
wise,  beautifully  ruled,  and  the  surface  of  the  glass  prcs<uitcd 
ft  rich  play  of  iridescent  coloura. 
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Method  of  Eramining  Test  Ot>JH:ts. — For  the  purpose  of 
L'xaniinin^  thesr  incMt  delicate  of  nil  structures,  con.>iulcmblc 
rare*  ami  skill  arc  roquirctl,  the  more  po  if  two  objcct-glawcc 
of  cquiil  power  iirf  to  lie  tried  one  iiguiiiat  the  other.  The 
usual  modes  of  illuminating  transparent  objects  hare  already 
been  given  nt  page  186,  where  also  will  be  foumi  the  descrip- 
tion of  tJie  diticrent  kinds  of  apparatus  which  arc  placed  beneath 
the  st^e.,  in  order  to  increase  the  brightness,  and  cut  off  the 
outer  rays  of  the  illuminating  pencil.  The  objects  for  exami- 
nation should  be  perfect  specimens,  and  mounted  either  in  the 
manner  repreaente*!  by  figs.  210-1 1-12-13,  or  on  »  sli<le  of  ihv. 
usual  size,  and  covered  with  the  thinnest  films  of  glass;  some 
of  the  most  opaque  specimens  may  be  put  up  in  balsam^  but 
the  majority  are  for  better  seen  when  mounted,  in  tlie  drj- 
way  between  pieces  of  thin  glass.  Day-light  will  be  found  to 
be  tltc  best  for  all  examinations,  and  the  light  reflected  from 
a  white  cloud,  save  that  of  the  sun,  the  brightest  that  can  be 
obtained.  The  microscojie  having  been  placed  on  a  firm  tabic, 
in  a  suitable  situation  to  get  a  good  light  on  the  mirror>  and 
everything  ready,  the  object-glass,  if  of  high  power,  must  next 
be  corrected  for  the  tliickneBs  of  tlie  gUes  cover;  as  the 
method  of  doing  this  was  not  described  at  page  175>  it  will 
be  proj*er  to  mention  it  here. 

Method  of  U.tittg  the  Adjiutjng  Object-fjlas*, — Aa  the  high 
powers  of  Messrs.  Powell  and  Hoss  have  the  Hime  kind  of 
adjuBtment,  tbc  following  directions,  drawn  up  by  Mr.  fioss,  will 
answer  for  both;  but  those  of  Mr.  Smith,  being  of  a  difTcrvnt 
construction,  will  require  a  separate  mention: — 

"  When  an  achromatic  object-glass  for  a  microscope  has  its 
aberrations  eurrccted  for  viewing  an  uncovered  object,  the  cor- 
rection will  Ik?  nearly  the  same,  whether  the  object  is  seen  by 
the  light  reflected  from  its  surfm-u  aa  au  opaque,  or  by  its  inter- 
cepting transmitted  light  as  a  transparent  one,  if  these  objects 
arc  properly  prejiarcd  and  ilhiminated.  Rnt  if  it  be  nceeaear}- 
to  cover  the  object  with  glass  or  talc,  or  to  immerpe  it  in  a  fluid, 
the  aberration  caused  by  the  refractive  and  dispersive  power 
of  Uie  interposed  medium  deteriorates  the  performanec  of  the 
objcct-glasB. 
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"  The  odJiiBtnient  which  iu  given  to  objert-^laflses  of 
maprnitying  power,  nnd  tTansmitting  large  anjrular  penrllfl  of 
light,  is  for  the  purpose  of  compcnpating  the  nberratioQ  result- 
ing from  the  various  states  in  which  an  object  may  bo  placed.      , 
To  efitict  tluB  there  arc  two  lines  on  the  external  part  ofthe^^f 
object-glass;  against  the  upjwr  line  is  engraved^ 
uwmyeredy  and  against  the  lower,  cowrtd:  iherc 
is  also  a  small  square  jnece  of  braas,  or  tongue, 
screwed  into  a  morticed  hole,  with  n  einsle  lioe 
upon  it,  as  shown  in  fig.  26.1.    Tmme<iiatcly  above 
the  lines  is  a  projecting  iniUcd  edge,  which  may 
Fig.  263.       jjg  move^l  independently  nf  the  other  part  of  the 
object-glass,  giving  motion  to  the  part  marked  L'ncoverod  and  j 
Covered;  so  that  eithcrof  the  lines  may  be  made  to  coincide  with  H 
that  on  the  tongue,    1^118  motion  has  the  effect  of  separating  or  " 
bringing  nearer  together  the  lenses  which  oimposc  the  object-  ^ 
glass.    When  the  line  i^inst  which  uncovered  in  engraved  coin-  H 
cides  with  that  on  the  tongue,  the  adjustment  is  perfect  for  view- 
ing an  opa^tue  or  uneovcre*!  object;  but  when  the  line  Bgainet 
which  coi^ereil  is  marked  coincides  with  that  on  the  tongue, 
the  object-glass  is  in  adjustment  for  newing  an  object  covered 
witl)  glass  or  talc  one-hundredth  of  an  inch  thick.    If  the  glasa 
or  talc  is  loss  than  one-hundredth  of  an  inch  thick,  then  the 
mark  on  the  tongue  should  be  between  tlie  marks  Covered  and 
Uncovered;  and  if  it  exceed  one-hnndre<lth.  then  the  iniirk  on  ^m 
the  tongue  siiould  be  without  the  luiyk  iLgaiut^t  which  roucmi  fl 
is  engraved.     This  adjustment  must  be  tested  experimcntaliy 
by  moving  the  luillcd  wlgc.  so  as  to  scjjaratc  or  close  U^ether 
the  combinations,  and  then  bringing  the  object  to  distinct 
vision  by  the  screw  adjustment  of  the  micruecopc.    In  this  pro  fl 
ooes  the  milled  edge  of  the  object-glass  will  be  cmplovinJ  to 
adjust  for  character  of  definition,  and  the  fine  screw  movement  J 
of  the  microscope  for  correct  focus."  ^| 

The  earlier  objecl-gljisses  of  high  power,  made  by  Messiu 
Smith  and  Beck,  have  the  tube  of  their  front  lens  moveable, 
and  furnished  with  a  screw  collar,  the  circunifcrcnce  of  which 
18  engravetl  with  ten  (Hvisions,  numbered  ftxini  0  to  9; 
and  the  graduation  on  the  milled  head  for  slow  motion. 
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a  mcftns  of  obtnining  the  finest  performance  under  vnrious 
circuin£taiicc&  Tlio  tblluwlug  dtrcctiuD£  imi  tliiw  given  for 
their  use: — 

IsL  When  the  twhe  in  the  baly  of  the  microscope  is  not  Rt 
.ill  tlniwn  uut. 

If  the  object  is  HticM>eredy  ecrew  up  the  coUar  of  the  objeot- 
g\asA,  till  0  titanilH  op()ot)ite  to  tliu  vertical  miirk  on  the  tube, 
ita  two  or  more  horizontal  marks,  each  of  which  indicated  one 
re\'olutian  of  tho  collar,  being  all  fully  exposed.  (Thii!  is  nearly 
Mi  far  as  the  screw  will  go  without  atnun.) 

If  the  object  is  covtred  with  glasa  or  talc,  raeneure  the  thick- 
ness of  Uii^  taking  advantage-  of  dust  or  spot«  on  the  suHiicea, 
by  the  milled  heml  for  slow  motion:  it  has  its  eirde  divided 
like  tlie  collar  of  the  object-glass  from  0  to  9;  every  revolution 
being  ten  divisions. 

IVIuUipIv  tlm  number  of  divinions  indicating  tlie  thickness 
by  0.7,  il  the  \^  inch  object^lasa  is  used;  by  0.9  if  the  \  inch. 
Then  set  tlie  collar  to  the  number  that  is  the  product,  screw- 
ing it  down  from  its  former  |K)sttion,  and  pressing  up  the  tube 
of  the  front  lens;  and  the  adjustment  is  mode. 

2nd.  When  the  tube  in  tlie  boily  is  drawn  ont 

Increase  the  number  to  which  the  collar  is  set,  with  tite 
-tj  inch  glass,  as  under: — 

For  I  inch  drawn  out  add  2.5  divisions. 
*i  inches  .         .     4       ditta 

3  ditto  .         .     fi       ditto. 

5  ditto  .         .     6       ditto. 

TTie  \  inch  glass  is  little  changetl  by  lengthening  the  tube, 
but  one  division  may  be  added  for  each  of  the  first  four  inchea 
drawn  out. 

•,•  The  milled  hcwl  for  slow  motion  gives  for  the  depth  of 
,J|q  of  an  inch  in  air  fifteen  divisions,  in  glass  ten  nearly. 

In  order  to  test  tho  merits  of  an  object-glass,  an  object 
guilabic  to  ita  jwiwers  should  be  employed;  if  below  the  hall- 
inoh  no  achromatic  condenser  need  bo  used  by  day;  the  light 
fnim  a  white  cloud  may  be  reflected  by  the  mirror,  or  that 
31 
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from  an  arpinrl  lamp  at  nipht;  direct  rays  should  be  fi»t 
employed,  and  tlic  object  bi-ougbi  well  iDto  focus;  if  it  be  a 
lined  one,  the  concnve  mirror  ehonld  be  tumnd  in  ^^ariiiiu  di- 
rections, in  onlcr  that  tlio  lines  may  be  dUtinctly  Men;  but 
the  light  should  not  be  too  oblique,  om  then  falladous  a|ipear- 
ance«  may  be  produced;  if  the  achromatic  condeoKr  be  re- 
quired, the  plane  mirror  should  be  usccl;  and  when  the  object 
is  in  fbcii»,  the  illuminating  lem  flhonid  be  mox'cd  up  or  down 
gently,  to  sec  at  what  point  the  definition  tci  tlie  best.  If  the 
power  to  be  tested  be  an  eighth  or  a  twelfth,  and  the  object » 
very  minute  one,  a  half-inch  should  be  fintt  uaeA  to  find  it  out 
and  bring  it  into  the  centre  of  the  field;  rhc  high  power  may 
then  be  substituted  for  the  lower  one,  and  if  tJie  axes  at  the 
two  gla^ws  coincide,  tbc  object  will  he  found  in  tlie  centre  of 
the  lit-KI,  or  very  near  it.  It  ti<  alwavs  a  tedious  matter  to  find 
a  minute  object  in  a  slide  with  a  high  power,  unless  a  Bmall 
circle  be  marked  arouud  it;  but  in  practice  it  will  l>e  found 
most  convenient  firat  to  examine  the  shde  with  a  ludl-inch  or 
inch,  and  to  bring  into  the  centre  of  tlic  6eld  of  view  the  ob- 
ject required.  Mr.  (iillett  adapts  a  very  excellent  metiiod;  he 
searches  over  all  tlie  objects  contained  in  a  slide,  and  paints  a 
circle  around  the  best  epcciniens,  and  makes  an  enlai^ed  ilraw- 
ing  or  chart  of  the  slide  on  paper  with  all  tlie  circles,  and  within 
each  circle  a  magnified  representation  of  the  objects  contained 
in  it;  if  the  i^lide  and  the  chart  be  compared,  the  circle  witliin 
which  the  best  ^tccimcns  are  contained  can  be  placed  in  the 
field  of  view  without  much  dlffic.vdty. 

In  testing  the  merits  of  any  two  glasses  of  equal  power,  tbc 
same  illumination  and  object  should  be  cmploye«l  with  each, 
and  the  only  way  of  getting  a  nicastu'e  of  their  relative  ^'alnc 
is  to  select  a  test  tlmt  can  be  resolved  by  both;  and  that  glafis 
which  shows  the  tines  darkest,  and  all  elevations  the  most 
prominent,  and  the  spaces  between  them  the  clearest,  may  be 
considered  to  perform  the  best.  Particular  core  should  be 
taken  in  the  management  of  the  illumination,  so  tluit.  the  rays 
be  not  too  oblique,  as  it  often  happens  tliat  projections  are 
shown  as  depressions,  and  depressions  as  projections.  Objects 
the  intimate  structure  of  which  it  is  difficult  to  define,  ehould 
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be  examined  by  two  or  more  observers,  especially  8»cli  as  the 
Nanculn  hippocampus  and  nugulntA,  in  which  an  nppeftnuicc 
of  Uuea  IB  given  by  dot«  or  projeotionti,  arranged  in  parallel 
rows,  or  in  rows  nltcmating  with  each  other;  nothing  can 
more  plunly  illuetrate  the  importance  of  thia  proceeding  than 
figs.  2,  4t  5,  in  plate  ix.;  a  number  of  pcrdons  have  carefully 
examined  theec  under  the  power  by  which  they  were  drawn, 
and  have  act  down  on  pajwr  what  they  believed  tlic  markings 
to  be  produced  by;  some  have  declared  them  to  be  Hnea, 
whilitt  others,  whose  eyes  were  more  practised,  could  resolve 
each  line  into  a  series  of  dota  or  elevations,  as  shown  in  figs. 
3  and  7.  Tlie  representations  of  the  several  test  objectu 
given  in  plates  vi.,  vil»  viii.  and  ix.,  will  form  an  excellent 
guide  to  the  amateur,  as  to  the  amount  of  definition  that  a 
good  object-glass  of  equal  magnifying  power  to  tlmt  employed 
in  any  given  drawing  should  exhibit,  as  every  specimen  has 
been  carefully  sketched  by  the  camera  loeida,  and  all  the 
markings  put  in  as  they  wera  best  seen,  with  glasses  of  great 
or  entail  angles  of  aperture;  the  former  exhibiting  them  as 
dots,  tlie  latter  as  lines. 


CHAPTER  XXI. 

MfSCF.l.I.AXP.0lI8  HINTS  ON  THE  MANAOEMXNT  OP  TQE 
MICROSCOPE  AND   MICROSCOPIC    PREPARATIONR. 


Ajtartment. — In  the  choice  of  a  room  for  microscopic  olkscrva- 
tion,  one  on  the  ground-floor  should  be  selected  in  which 
there  is  a  window  having  a  northern  aspect,  and  not  ovct- 
ahadowod  by  trees  or  buildings;  a  firm  table  is  required  for 
placing  the  microscope  on,  and  in  onler  that  tlic  latter  may 
be  at  all  times  ren<ly  for  use,  it  should  be  covered  over  eitiutr 
with  a  glass  or  other  shade  when  not  employed;  many  valu- 
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able  observations  viU  he  loet  if  the  lahonr  of  packing  and  an- 
pnckinn;  the  ioi^trument  ami  apjioratus  Itave  to  be  ftvqucnUr 
repeated.  A  glaaa  elia<ic,  capeciallj  a  stout  one  of  tlie  (M 
make,  with  a  knnb  nt  the  top,  will  be  found  to  keep 'off  the 
dust  ud  cQ'ectuidly  us  any  well-coostruotcd  box  or  caae. 
Drawers  and  eiiplxKLnU,  for  containing  preparations  \n  bottles 
and  boxes,  will  be  found  very  eoavenicnt.  A  email  neet  of 
drawers  Btted  up  under  the  table,  will  be  useful  for  keepii^ 
thin  glaiw  covers,  spare  slides,  cuttiog  instruments,  &c.  la 
the  winter,  when  fires  are  in  use,  it  will  l»e  neceswiry  to  cover 
over  any  preparations  that  arc  about  to  Ik  dried  lH.'forf  being 
mounted,  aa  minute  particles  of  carbon  are  continuallv  being 
deposited  in  all  dituatlong;  for  this  purpOM  eniiUl  i^hudes,  such 
na  are  employed  fur  raising  young  plantSi  will  be  found 
licularly  convenient 

To  Clem  the  Optical  Part  of  the  3/icrojtcr/yw.^ — lu  order 
clean  the  glasses  of  the  uye-piece,  they  ehoulJ  he  unscrewed, 
and  wiped  cither  with  a  piece  of  clean  lawn  or  wash  leather: 
an  old  soft  cambric  liandkcrchirf  will  be  an  excellent  substi- 
tute for  cither.  In  the  case  of  the  objcct-glofiscs,  the  wiping 
should  be  conducted  with  great  care;  in  the  majority-  of 
instances,  a  camelVhair  (wncil  will  remove  any  dust,  but  for 
all  otlker  pm'jioiies  the  leather  or  linen  will  be  re<|uire(L  Some 
persons  recommend  that  the  wash-leather  should  be  impreg- 
nated with  putty  or  crocus  powder;  both  this  and  tltc  linen 
should  be  kept  perfectly  free  from  dust,  in  a  boat,  and  em- 
ployed for  n<t  other  pur[}o«?. 

Glnsx  Slides  may  be  freed  from  all  grease  by  wai^hing  them 
with  jiotJitfh;  the  Rev.  J.  B.  Rcadc  has  recommended  an 
infusion  of  nut-galls  (which  contains  a  quantity  of  tannic 
acid)  for  the  same  purpose.  In  wiping  the  slides  and  the 
covers  us  well,  bo  careful  not  to  employ  a  eubstanoe  likely  to 
leave  any  nap  or  down  behind,  as  coloured  filaments,  derived 
from  table-covers,  pocket-handkcrchiefsj  &c.,  have  more  than 
once  been  mistaken  for  highly  organized  structures. 

Cabiaett  and  Hutch  fur  holdini/  Microscojiic  Oltjert*. — The 
aUdea  generally  employed  by  microscopiets  are  one  of  the- 
sizes  recommended  by  tlic  MIcrotKopical  Society,  v\z.y  three 
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inclioa  l>y  one,  or  three  inches  by  one-and-a-half;  the  fonncr 
is  most  cuuuuualy  used.  Any  number  of  tiicse  may  be  cut  ut' 
the  required  diraenBiona  by  tbo  bnani  tuid  ruler  de^ribiH)  at 
page  262.  Object.-*  mounted  on  mtidev  arc  often  required  to 
be  carried  about;  for  this  purpose  small  boxes  arc  naed,  tltu 
sides  of  wtiich  are  provided  with  titrij«  of  wood,  termed  racks, 
having'  a  series  of  grooves  cut  in  thoni,  nt  equal  dij.tnnoc» 
apartj  to  reeeive  the  endis  of  the  sUdL'ti;  when  the  slides  ani 
placed  in  the  grooves,  iltey  may  be  kept  either  in  a  horizontal 
ur  in  a  vcrtieid  jHMition;  some  |M!raona  prefer  tlic  former, 
otiiers  the  latter  method.  Boxes  capable  of  oontaiuitig  one  or 
two  dozen  ubjueti*  euu  very  well  be  earrird  iu  the  |HM*ket 
without  injury,  provided  the  cover  be  well  imrlded  and  prcMed 
lirmly  ugaiu^t  the  sides  of  the  slides;  others,  made  iu  tlie 
shape  of  books,  and  Httetl  up  witli  racks,  look  very  neat  when 
arranged  on  shelves;  the  objects  contained  in  thorn  should  be 
kept  iu  tlic  horizontal  {Hhiition,  which  can  be  readily  done  by 
having  the  box  made  of  stittieient  brea<lth  to  contain  one  or 
two  slides  when  placed  horizontally.  The  chief  iueouvenicnce 
in  tliis  mode  of  arrangemeut  is  tlie  diffieiUty  of  finding  any 
required  object  quickly,  hence  it  will  be  found  in  prjietice, 
whore  atowuge-room  is  not  of  much  consequence,  that  the 
plan  of  keeping  them  in  (irawcrs  |K'rfectly  Ant  will  be  by  far 
the  most  advantageous;  some  punsuui*  preli;r  having  the  drawer* 
divide*!  into  compartments,  each  one  of  which  is  only  capable 
of  holding  a  single  slide;  this,  besides  being  an  ex|H!nsivf  plau, 
la  not  always  necessary;  if  the  cabinet  be  large,  and  not  ol^en 
moved,  the  divisions  may  be  dispensed  with;  tliu  author  has 
kept  for  years  a  collt-etion  of  anntoinieal  preparations  in 
shallow  drawers,  each  being  capable  of  holding  ne:U'ly  one 
huuiib-ed  slides:  aa  eompartmcnt  of  any  kind  is  employed,  and 
in  no  .'*liigle  instance  has  any  injury  befallen  the  specimens. 
Cabinets  are  now  furnished  by  our  principal  opticians  and 
preparers  of  objects,  to  hold  any  given  number  of  slides,  of 
three  inches  by  one.  A  cabinet  of  twenty-four  dniwere,  each 
drawei'  being  12^  inches  by  i>\  insiilc  measure,  will  hold 
upwards  uf  eight  humtreil  and  Hfly  slides  in  thn.'c  rows  tif 
twelve  in  a  row  ;  or  tweulv-lbur  drawers  uf  the  some  dimcn- 
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sions  but  turned  a  difleroat  way,  and  so  arranged  as  to  bam 
four  rows  of  nine  in  a  row,  wUl  contain  an  equal  nombcr  of 
sUdcs  with  the  last.  The  rows  may  be  separated  &oai  eaA 
otiier  by  a  narrow  strip  of  wood  pUced  across  the  drawena  at 
right  angles  to  tlie  directiou  in  wliich  it  draws  out,  by  whidb 
meojis  the  objects  are  prevented  from  sliding  one  over  the 
otlier.  The  following  plan  of  pe<;uring  the  slides  Id  the 
drawers  of  snudl  moveable  cabinets,  rcconunendcd  in  a  work 
entitled  Microscopic  ObjecUy  is  worthy  of  mention-  **  The  elides 
containing  the  objects  are  laid  flat  in  double  or  treble  row«; 
the  outer  ends  of  the  slide-s  are  made  to  fit  into  a  ledge  in 
the  front  and  back  of  each  diawer;  the  inner  cods  of  tbo 
slides,  meeting  in  the  middle  of  the  drawer,  are  kept  down  by 
a  very  tliin  t^lip  of  wood  eo%'ercd  with  vulveL  [n  this  way 
the  slides  do  not  sltoke  when  the  cabinet  is  moved  from  plaoc 
to  pliice;  every  object  is  seen  without  removal,  and  tiius  no 
time  is  loat  in  making  a  selection." 

Opaque  objects  mounted  on  discs  should  he  kept  in  dra-wera 
or  boxes  lined  with  cork,  find  well  protected  from  dust;  each 
disc  should  have  cither  a  uumbcr  or  the  name  of  the  olyeos 
written  on  it 

iMbelling  Sliiles,  ^-r. — The  methods  of  cutting  and  edging 
glass  slides  has  idready  been  given  iit  pages  2f>3-4.  Tltose 
who  employ  plate-glass  generally  have  Uie  edges  of  their 
slides  either  grouud  or  polished;  but  others,  who  prefer  flatted 
crown,  usually  cover  them  with  pa[>er,  which  ^vcs  chem  s 
neat  appearance.  Tlu:  slides  Uiat  are  protected  with  paper 
arc  generally  those  having  objects  on  them  mounte«l  cither  in 
the  dry  way  or  in  balsam ;  and  when  the  paper  is  tluu,  like 
the  common  blue,  it  may  often  be  laid  on  at  one  oj>eration,  a 
hole  having  been  previously  punchcnl  out  of  the  centre  of  ihe 
top  and  bottom  piece  of  thi:  object,  Mr.  Topping  and  others 
employ  green  or  blue  coloured  piipcrs,  on  which  some  kind  of 
pattern  is  printed  in  gold,  l^cse  should  be  cut  of  the  njte  of 
the  slide,  and  a  hole  punched  out  of  tlie  centre  of  eiurh  for  the 
object ;  stiips  uf  tliiu  pa[)er  are  then  to  be  (tasted  ai-uund  the 
edges,  and  the  upper  and  under  surfaces  afterwards  oovcpcd 
with  the  figured   pa[ier.     Some   pereons  stick   white   labels 
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upon  the  coloured  paper;  but  Uie  most  satisfactory  method  ot* 
prococdiag,  is  to  padtc  a  piece  uf  white  pa[>er  u|Kin  one  end  of 
the  sttdCf  Olid  to  punch  out  a  circular  or  other  hole  in  the 
coloured  paper  tlmt  is  parted  over  it;  by  these  inoanB  there  is 
less  risk  of  the  label  being  lost,  as  it  is  doubly  protected. 
When  the  slidcu  are  not  iKij)erL'd,  the  uiune  should  be  written 
un  tUcm  by  the  diuuiuud  detioribed  at  page  2G1;  it  will  be 
of^n  advieable,  when  Huid  is  uiwd,  t^i  put  down  the  name  of 
it,  and  tlic  date  when  the  prejiarutiou  was  mounted.  Fur  the 
sake  of  cataloguing  the  alidc«,  the  opposite  eiid  to  tliat  having 
thit  Dame  should  be  employed  for  the  purpose. 

Mr.  C,  Jirookt*  Mtthod  of  llarinff  Ojmh/w  Objects  utuirr  the 
High  PawtTi. — A  truncated  parabolic  mirror,  now  known  iis 
Wenham's  rellector,  with  a  dark  well  in  the  centre,  is  placed 
under  the  object,  and  illuniinattHl  by  a  pandlcl  pencil  of  rayst 
obtained  by  placing  a  combination  ol'  two  planoconvex  lenses 
iin<]emcath,  and  concentric  with  the  nurror,  tlio  lamp  being 
in  the  principal  focus  of  tlic  combination. 

A  small  plane  mirror  is  attached  to  the  object-glass,  the 
sui-fiice  of  which  is  level  with  or  very  little  below  the  external 
surface  of  tlie  ohjcct-glaas.  'Hie  rays  of  light  converging  to 
the  focus  of  the  parabolic  mirror^  being  received  on  the  plane 
mirror,  are  thrown  on  tlie  object.  By  this  arrangeraeut,  all 
the  rays  tliat  subtend  any  angle  from  that  of  the  objcct-gloas 
up  lo  about  170^  are  matle  aviiilnble  fur  the  illumination  of 
the  object.  When  tlie  one-cightii  and  one-twelfth  ubject- 
ghuses  arc  tiseil,  it  is  necessary  that  the  object  should  be 
mounted  on  a  snuill  iinrface,  witliout  any  pit^  or  i]epnv-«ions ;  a 
truncated  cone  of  cork,  wood,  or  ivory,  witli  an  appropriate 
holder,  may  be  used. 

For  a  finder  it  is  convenient  to  have  a  plane  mirror  attached 
to  a  cap  fitting  over  the  one-inch  object-glass,  so  that  the 
surface  of  the  mimir  may  be  about  uno-tenth  of  an  inch  alMivc 
tlie  tbciis,  the  hole  in  the  centre  l>eing  just  Ivge  enough 
lo  lulmit  all  the  ravK  that  can  enter  tlie  ftbjcct -gloss. 

lu  Older  to  obtain  tlie  best  definition  of  minute  objects  in 
Huid  nnder  the  high  |M>wcrs,  it  is  nece^ttuiry  lo  have  thin  glass 
under  the  cell,  as  wcU  m  over  it.     For  this  purpose,  Mr. 
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Brooke  cemenu  the  cell  to  a  slide  of  alatc  with  a  hole  in  the 
centre 

TVitH  Glass  Ctlht. — Tliesc  iiiav  be  very  expcdiUousl^  maile, 
by  comprcsaing  a  piece  of  thiii  glass  between  two  surfttcee  (^' 
wood  or  brass,  having  a  hole  in  them,  the  intentleil  aize  of  the 
cell.  ^Vhen  the  thin  glaa^  la  fixed  between  these,  it  ^oold 
be  ecratcbed  round  the  interior  ot'  the  hole  on  both  sides  with 
a  diamond,  and  then  the  centre  may  be  pushed  out. 

Ojtaque  Objects  in  Fluiff,  euch  as  injected  preporatioiiB, 
which  require  to  be  looked  at  on  both  i^ides:  tlie  cellu  are  best 
made  by  drilling  a  round  hole  in  the  filide  itself,  and  cement- 
ing a  piece  of  thin  glaaa  on  one  siilo  of  it  with  miirine  glue ; 
when  the  object  is  introduced,  another  piece  of  tliin  g\ixsti  ic-  (o 
be  cemented  on  the  other  side  with  gold  size  or  liipiid  jet  in 
the  usual  way. 

New  Method  of  Cementinff  Cells. — Cells  for  containing  dried 
injections  or  other  pre|iarations  in  turpentine,  may  be  cemented 
with  common  carpenter's  glue,  wMch  will  effectually  prevent 
the  escape  of  the  turpentine. 

Mr.  Brookes  Arraiu/ement  for  Erecting  the  Objevt  far  Dis- 
stction  ami  for  Drawing, — For  thin  purpose  a  rectangular 
prism  is  interposed  between  two  pieces  of  tube,  meeting  at  an 
angle  of  100",  one  of  which  enters  the  body  of  the  microecopt:!, 
and  the  other  receives  the  cye-piccc.  By  this  arrangement 
the  object  is  inverted  in  the  plane  in  which  the  angle  of  tlio 
tubes  hes;  but  in  order  to  erect  the  object,  it  is  ucccssaiy  also 
to  invert  it  in  a  plane  at  right  angle*  to  the  foniier — this  is 
effected  by  placing  a  small  rectangular  prism  edgewise  in 
front  of  the  eye-piece. 

For  drawing  the  object,  a  small  pri^ni,  having  two  porallcJ 
[loliahed  rides,  is  placed  in  front  of  the  cye-piccc  in  place 
of  the  rectangular  prism,  »o  tliat  while  the  object  ii"  seen  by 
reflection  at  an  angle  of  45"  from  the  surface  of  the  primu, 
tlic  paper  placed  on  the  table  is  seen  directly  through  the  two 
parallel  side*.  By  this  secoud  reflection  Uic  object  is  roin- 
vcrted  in  the  same  plane,  and  is  thcrctbrc  seen  and  drawu 
correctly. 
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ACHROMATIC   QAR   LASCP, 

Gas,  now  90  generally  intro<Iucetl  into  our  dwellin^R,  pi%eent0 
innny  ailviintages  over  <n\  and  other  lompA  requmng  wielu,  on 

aocouiit  of  \t^  cleanliness, 
being  ever  ready  Tor  imme- 
diate lase,  never  requiring  to 
be  trimmed,  and  a  perfect 
control  of  the  ftarae.  When 
employed  in  the  onlinary 
way  for  microscopical  inves- 
ttgiitiontt,  it,  however,  pre- 
bcnta  the  defect  of  a  ghiring 
yellow  Hame,  the  reflected 
rays  from  which  are  excee<l- 
ingly  trying  and  injurious  to 
the  eyes,  and  likewise  ren- 
der the  definition  obscure. 

To  remedy  theee  cvile, 
Hr.  S.  Iligldey.  junr.,  of 
Fleet  Street,  hiu  contitnict- 
ed  a  lamp  uf  tlie  fulluwing 
dcecription,  rcpresentctl  in 
aection  by  fig.  2(!4 :  a,  llic 
bit8e;  A,  a  socket,  carrying 
the  stopcock,  by  which  the 
Hame  ia  regulated ;  into 
tltia   »crcws  a   etcni,    r,  4^ 


Fig.  yyi 


inohcB  long,  in  which  slides,  through  a  stuffing-box,  an  inner 
tube,  rf;  by  this  arrangement  tlio  »tcra  may  6c  heightened 
when  it  i«  retpiircil  to  ihniw  the  roys  on  tlie  utage   of  tlio 
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microecopc ;  on  the  other  hand,  when  it  is  dcwmblc  to  have 
the  light  near  the  baau  of  the  imtnuiient,  the  stem,  c  J, 
unscrews,  and  the  gallery,  _/)  screws  into  the  socket,  A: 
a  dhalluw  ar^pind  hunier,  r,  screws  into  tho  gnllciy,  f^  th» 
gallery  carries  an  inner  rim,  into  which  fits  a  LebIoad*8 
[latent  achromatic  blue  lamp  glaee,  A ;  a  piece  of  coarse  wik 
gauze,  rc|Hxaented  by  the  arched  dotted  lines,  y,  61U  up  the 
central  aperture,  00  aa  to  prevent  irregular  currents  of  air 
affecting  Uie  Kteadineafl  of  the  flame ;  the  outer  rim  of  the 
guUery  supjKirts  a  copper  cylinder,  i,  8  incfaca  high,  azKl  ^ 
inches  In  diameter;  in  this,  and  opposite  the  burner,  a  circular 
aperture,  2  inches  in  diameter,  is  cut;  out^de  tlii^  e^'linder  is  a 
rim,  kf  on  which  on  outer  cylinder,  /,  rests  and  rotates  round 
the  inner  one,  1 ;  tliis  has  a  corresponding  aperture,  into  which 
is  fitted  a  disc  of  neutral  tint  glass,  m ;  the  inner  blue  glaas,  H, 
absorbs  the  ycUow  raya  of  the  flame  to  a  ^reat  extent,  but  it 
still  gives  a  glaring  ubjcctiouahlcliglit,  which  tlic  glass,  m,  cor- 
rects, and  the  combination  of  the  two  tints  afiunJs  a  soft  white 
light,  tliat  renders  the  definition  very  lUsdncL  When  it  is 
ile«iral)le  to  diminish  tlie  l>eam  of  light,  it  is  effected  by 
rutadng  the  cylinders,  aud  as  the  two  circles  cat  each  other 
the  aperture  may  be  contracted  to  any  extent;  to  fnctljtnte 
the  rotation,  an  ivory  knub,  n,  is  attached  tu  the  outer  cylin- 
der, /,  aud  another,  0,  to  the  inner  one,  (. 

This  lump  would  likewise  be  of  ecn-icc  when  makiiig 
miuute  iliBscctiuus ;  also,  for  fine  mechanical  work,  as  in 
watchmaking,  &c.  The  lamp  may  be  obtained  of  Alessni. 
Smith  and  llcck. 
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M*  machet's  michoscope  Fon  chemical  ubservatioks. 

Tills  very  valuable  instrumt^ut  is  represented  in  fig;.  265,  and 
is  composed  of  a  solid  foot,  X,  in  which  is  fixetl  tlie  piece,  O, 
for  the  recepUon  of  the  small  plate,  P,  on  which  the  objects  to 
l>c  examined  are  placed ;  as  in  this  instrument  we  view  the 
under  siirftUH'  of  objects,  tlic  illumination  must  be  on  their 
upj)cr  surface;  for  this  pur[>0tic  we  fix  at  pleasure  to  the  piece 
0  the  rod  T,  which  holds  the  mirror,  M,  and  the  piece,  D,  for 


prism,  K,  supporting  the  tube.  A,  and  the  body,  C  Supposinfir 
that  a  particular  object  is  to  be  viewed,  by  mcnD»  of  tlic  two 
milled  hcud«,  B,  we  draw  the  primi,  R,  ont  of  the  nxia  of 
tlic  instrument,  m  shovni  in  £g.  266,  nc  sc*rcw  the  object-glue 
to  the  piece  F,  we  replnre  the  prism  under  the  ani:Ul  plate, 
imd  then  iKlju!*t  the  t'ooua  by  mt^aiu  nf  the  tube  A  and  iho 
finu  adjustment,  F.  Tlierci  are  in  (1,  fig.  26fi,  two  wrew*, 
wliidi,  cuuiiug  in  contact,  prevent  U  t'nim  coming  onl  com- 
pletoly.    The  otBcc  of  the  prism,  11,  is  to  recciTe  the  image  in 


light.  When  an  object  U  required  to  be  very  much  heated,  a 
Utgcr  plalc,  the  Ltl^ea  ol'  which  arc  hcntetl  by  sioiUI  spirit- 
Umpn,  w  laid  upon  the  ^lutUl  pinte,  P.  The  iiuij^itying 
powers  to  be  obtained  in  this  micra»k!o|H!  vary  Trom  '26  to  otKi 
diauictcra,  and  all  Uic  apparatue  neccseary  i'ur  the  etwly  ul' 
mineralogy  can  be  applied  to  it,  ?ucli  as  the  gonionietcr, 
nucrometerj  &c.  In  ^lioit,  in  the  •runeral  um*  uf  acids, 
rcogonto,  &c.,  no  iDJury  can  happen  to  the  lcnec«  uf  the 
ubject-ghwece,  ae,  being  placed  underneath,  they  arc  pro- 
tected from  the  oxidizing  vapours. 


Mn.  heit's  microscopes  for  injections,  etc. 

Thk  finjt  of  these  inetruments,  rcpreeentod  at  fig,  267»  con- 
sists of  a  slab  of  polished  mahogany,  of  the  form  lihown  at  a,  4* 
a\  into  which,  beneath  b,  is  fixctl  a  metal  pin,  on  which  a  brass 
M'heel  revolves,  cai-rying  forty  ccIIm  with  tlieir  enclosed  objects; 
these  are  pi-otccted  from  dust,  and  the  aclion  of  li^lit  by  the 
cover.  It,  h'  />',  which  i^  fastened  to  the  slab,  il,  in  ititeh  a  moiiucr 
au  to  admit  a^  being  readily  removed,  a  |H>rtiou  of  the  :dab  be- 
tween a'  and  a'  in  cut  away,  as  is  also  [mrt  of  the  cover  between 
b'  and  6',  so  ajj  tu  admit  the  (ingcr,  for  the  purjHwe  of  moving 
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the  wheel,  tlic  milled  edge  of  which  is  chown  at  r.     A  circular 
o|M<ning  i»  mailc  through  the  cover  at  r/,  immediately  under 


^ 
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tho  ohject-piiMtfl,  and  through  which  the  preparations  may  be 
L-xnmiii(;d  lut  tlicy  itUernatcly  prcBcnt  thcnu«elvea  ul  tliid  point; 
this  opening  is  covered  with  a  circular  piece  of  thin  glaaft.  to 
pmtcrt  the  colls  l>ene:itli  from  dust ;  ft  h  \b  a  hxiirfr^iyc, 
mounted  on  a  dovc-laJlcd  sliding  piccc»  iy  seen  on  a  larger 
scale  at  fi;r.  267,  i  showing  the  sliding  piece.  The  body,  7, 
and  the  linib,  A,  ore  made  iu  the  umiuI  wut,  tlie  latter  being 
attached  to  a  stage,  /,  with  right  angled  rack-work  fittings, 
and  so  constructed  that  hy  means  of  the  millcd-head  piniooji, 
m  n,  the  object-glaes  may  be  mode  to  traverse  the  entire  space 
formed  by  the  opening,  d,  and  thuB  to  bring  the  whole  of  tho 
object  beneath  it  into  view. 

Fig.  26!)  shows  another  form  of  Mr.  Ilett's  instrument; 
the  body,  J,  limb,  *,  and  rack-work  fittings,  /,  m,  »i,  an* 
simiUrly   arrangwl   to   those   in   the    instrument   pre\'iou8ly 


dedcribcd;  but  the  irmliogany  slab,  a,  in  of  n  different  fornt, 
ha^'i^<r  a  braftg  pin  Attcd  intti  its  upper  suriuce,  the  &cc  end  ot* 
wliich  is  sceu  at  /' ;  on  thi<>  pin  a  small  bras0  disc,  i-^  turns, 
carrjini;  12  obJL'cta.  Tliraugh  the  diec,  c,  near  to  its  margin 
and  at  regular  diatancc*,  twelve  amall  holes  arc  drilled  and 
tapped,  one  of  which  ia  shown  at  ^ ;  a  cell  liaving  been  remo\'ed 
for  the  purpose,  a  iargcr  hole  is  drilled  through  the  boss,  e,  tt 
its  centre,  through  which  the  pin,  f>,  pasaea 

The  glass  cells  employed  are  nuide  m  a  moul<{,  the  bottom 
and  sides  being  of  one  piece;  each  cell  is  mounted  with 
marine  glue  on  a  email  disc  or  button  of  bniss,  turniBlicd  whh 
a  solid  shanks  which  is  tapped  to  form  a  screw,  eo  oa  to  admit 
of  its  being  fastened  into  the  small  hole,  f/,  in  the  disc,  r. 
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One  of  these  ccIIb,  m«iinte(l  a»  just  dcscribod,  10  shown  at  /", 
the  cell  being  reprcscntcil  at  t^,  aud  the  bran  due  or  button, 
with  its  shank,  at  A. 

This  18  an  exceedingly  eJe^nt  and  moet  convenient  method 
of  mounting  injected  and  other  opaque  objects,  and  will  be 
found  very  usefid  whenever  it  is  required  to  demonstrate  to 
claaecs  any  particular  »et  of  orgaus,  us  celts  mounted  in  tliis 
way  can  eaeily  be  removed,  thus  enabling  tiie  teacher  to  ar- 
range the  objects  on  the  disc  in  the  order  in  which  he  may 
wish  to  fireacnt  them,  and  the  rapidity  with  which  any  one  of 
theiu  can  be  brouglit  under  the  object-glast^,  will  asast  the 
stodent  in  ascertaining  the  distinctive  difierenccii  existing 
between  tiiem. 

When  not  in  use  the  discs  may  be  kept  Id  drawers,  each 
drawer  having  a  number  of  pins,  similar  to  that  fitted  on  tlic 
slab,  screwed  on  tlic  bottom  of  it,  to  receive  thcoi.  &ir.  Uett 
employs  lualiogany  boxes,  about  the  size  of  those  use<l  to  hold 
twelve  fllides,  but  slialluwer,  a  bmss  pin  being  fixed  into  the 
centre  of  the  bottom  of  each  box :  tlils  pin  is  somewhat  longer 
than  that  fastened  to  the  microscope,  so  that  it  projects  beyond 
the  boss  on  the  disc,  the  projecting  portion  Is  tumishedwith  a 
thread,  the  disc  being  dropped  into  tlie  box  Is  securc^l  by  moans 
of  a  nut. 

Tliesc  discs  nmy  be  itsed  v^th  a  mirrosco(H!  »f  the  usual 
form,  the  only  additional  apparatus  required  being  a  brass  clip, 
furnished  with  a  pin  to  receive  them;  tlils  clip  should  be  fitted 
to  the  stage  in  the  same  manner  as  on  ordiuary  object-plate, 
or  the  object-plate  it«clf  may  have  a  pin  attached  to  it  for  the 
reception  of  the  discs. 


feOBsV  IMPBOVRD    ACnSOMATIC   MICBOBCOPB. 


This  instrument  is  represented  In  plate  xi. ;  It  difl'ers  in 
many  ret^pects  I'rom  that  shown  in  plate  L ;  BrsUy,  in  having 
a  flattened  bar,  C,  instead  of  a  triangular  one;  secondly,  in 
the  stage  being  thin  and  of  a  new  form,  with  rectangular 
movements,  and   cji|)Hblc   of  being  revolved  one-third  \>ari 


Fig.  269. 

the  stage,  all  of  which  ia  fitted  into  the  bar,  b,  and  may  be 
moved  up  and  down  by  u  rack  and  pinion,  which  isobecured  by 
the  part  in  which  tiie  doTe-toiletl  g\idcB  move ;  to  this  bar,  A, 
is  fixed  the  tube,  a  a,  into  wliich  the  various  condejiscrs  and 
illuminntora  are  adaptcil,  and  may  he  rc%-nlvcd  by  t\iming  thn 
millt'd  head,  c ;  by  means  of  thcM  two  circular  movements,  the 
effect  of  obhquc  light  may  be  shown  upon  all  parts  of  nn 
ubjecl.     Tlie  condenser  of  Mr.  Oillett,  before  describwl  in 
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page  206,  ia  rcprci^ntcd  by /*,  aa  being  fittod  into  the  ttibcj  a. 
For  the  purixwe  of  iUimiiiuition  by  artificial  light,  Mr.  Gillett 
liaa  contrived  the  appamtiia  represented  in  fig.  269 :  tlje 
mirror  is,  in  this  case,  removed,  and  upon  the  stem,  «,  whicJi 
supports  it,  is  fittctl  the  bent  bar,  h  r,  ha%nng  attnoJied  to  it 
Huother  thin  bar,  fur  tlic  support  of  a  disc  of  enamel,  e.  In 
tlie  ibot,  f,  is  fixed  the  rod,  g  y,  upon  which  are  two  slides, 
one  a  tliin  piece  of  maliogany,  A,  into  which  a  small  cuniphino 
lamp,  /,  fits;  and  the  other,  i,  to  which  a  attaehcfl  n  para- 
bolic reflector,  k,  for  cundenaing  the  light  upon  tlic  diuc,  «, 
the  reflect*)r  having  a  hole  at  m,  through  which  the  rays 
from  the  disc  pass  to  the  object.  Ry  this  api)aratus  a  light 
is  oblAiucd  similar  to  tliat  produced  by  the  reflection  of  the 
sun  from  a  white  cloud. 

Tlie  method  of  adjusting  and  using  the  apparatus  6tted  into 
the  tube  a,  plate  xL,  is  thus  described  by  Mr.  Koss:' — 

The  secondary  stage^  sitiuited  undernt*uth  the  general  stage, 
which  holds  the  objects,  is  for  supporting  all  the  various  foniis 
of  illumination,  also  polarizing  apjmratus  and  otJier  auxiliaries, 
whicli  are  employed  underneath  tiie  object  This  consists  of 
a  cylindrical  lube,  a  a,  moveable  in  rectangular  directions,  and 
affixed  to  a  dove-tailed  sliding  bar.  A,  which  cjui  Iw  removal 
for  the  convenience  of  easily  applying  the  various  apparatus ; 
this  bar  fits  into  a  second  sliding  bar,  moveable  by  a  rack  and 
pinion,  parallel  to  the  axis  of  the  microseoiK.'.  The  rectangular 
motions  given  to  the  cyUndrical  tube  serve  to  adjust  the  appa- 
ratus, which  may  be  applied  centr&Uy  or  cxccutrieolly,  while 
the  sliding  bars  reguLite  the  distance  of  the  apparatus  from 
the  stage,  and  couaequently  from  the  compound  body. 

^Alicn  about  to  use  the  Gillett's  illuminator  in  day-light, 
the  secondiuy  stage  and  the  slide  to  which  it  ia  attached  ore  to 
be  withdrawn  from  the  Instrmuent,  and  tlie  illuminating  appa- 
ratus applied  in  the  cyhudrical  tube  of  the  seconibiry  (•togc; 
the  slide  is  tlien  to  be  replacc<l  and  pressed  upwards  against  n 
stop,  then  finally  regulated  by  means  of  tlie  rack  and  pinion 
which  moves  the  second  slide,  the  upper  surtacxr  of  the  illumi- 
nating lens  is  to  be  adjusted  so  as  to  be  level  with  the  upper 
surface  of  the  objrct-stagc.  Having  the  compound  boJv 
vertical  or  conveniently  inclined  fur  use,  turn  the  ann  and 
32 
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cominuuc]  botl^  to  the  right  haod  until  it  la  itopped;  plaoB 
the  plane  tadc  of  the  mirror  so  as  to  reflect  Ugfat  up  the 
condenser,  ami  lay  a  piece  of  clean  white  paper  upon  the 
mirror  (  then  screw  an  object-glass  upon  the  aucroaoope 
(one  of  the  lover  powers  at  firit),  and  appl^  the  A  eye- 
piece to  the  other  end  uf  the  tubc^  and,  haviug^  placed  an 
object  on  the  stage,  roovo  the  tube  down  by  the  rack  bar  of  the 
micnMCOpe  until  vision  of  some  part  of  the  olject-flUtie  is  ob- 
tained; tben  having  removed  the  object,  also  the  cap  from  the 
eye-piece,  apply  tiic  examining  glaaa  in  the  place  of  the  cap,  and 
adjust  this  gia«  until  the  images  of  the  diaphragma  of  the  object- 
glaes  and  illuminating  lena  are  distinctly  seen.  If  the  illumiDO- 
tor  be  now  nuivcd  by  mcana  of  the  »idc»crewd  of  the  aectitKhiry 
stage,  while  Ifwkmg  through  the  examining  eye-glaas,  the  cen- 
tral iKMition  of  the  illuminator  under  the  compound  body,  in 
this  direction,  may  be  detemiined  and  finally  adjusted  by 
meaas  of  the  side  screw,  c,  of  the  condenaer;  tlie  central 
adjustment  in  the  direction  at  right  angles  to  the  above,  ia 
obtained  by  turning  the  milled  head,  d,  m  frcmt  of  the  under- 
neath stage,  which  actt*  by  moving  the  illtuninator  to  and  fixHn 
the  observer  until  the  images  of  the  diaphrogme  arc  codocd- 
tric,  also  the  white  disc  formed  by  the  paper  on  tlie  mirror. 
Having  removed  tlic  pajier  from  the  mirror,  the  light  of  the 
aky  or  lamp  may  be  directed  up  the  condenser,  and  the  6cld 
of  the  micro«co[>c  ilhiminated ;  then  replace  the  object,  and 
obtain  distinct  vision  of  it  by  the  adjustment  of  the  com- 
pound body ;  while  thi?  state  of  the  apparatus  remains,  the  mir- 
ror should  he  so  inclined,  tliat  the  image  of  some  intcrceptii^ 
object,  OS  a  ti*ee  or  house-top,  should  be  brought  into  the  field, 
and,  though  not  distinct,  may  be  recognised  by  its  partially 
darkening  the  field  of  the  microscope;  then  distinct  vision  of  it 
must  be  obtained  by  tlie  rack  slide,  which  moves  the  aeoondary 
etage  to  and  from  the  object-stage,  and,  the  oiljiutmcnt  of  the 
com[>ound  body  remaining  as  it  was,  tlie  micrcieropic  object 
will  be  seen  distinctly  at  the  same  time  with  the  tree  or  house- 
top. The  mirror  may  now  be  turned  so  m  wholly  to  reflwit  the 
light  of  tlie  sky,  and  tlte  image  of  fleeting  clouds  will  be  aocn 
as  they  pass.  The  brass  disc,  with  the  various  apertiu^s,  may 
now  be  moved  until  that  quality  of  illumination  is  obtaJncd» 
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which  givra  a  cool,  diatinci,  and  definite  view  of  the  object. 
When  cimnging  tlie  object-glass  on  the  conipouml  body,  the 
examining  cye-glase  flhould  always  be  employed  to  aifccrtain 
that  tlic  central  [>oaition  ol*  the  condenser  and  rnlcroecapc  tube 
ia  not  dcmnged.  When  the  condenser  is  used  by  artificial 
ligljt,  the  mirror  mmit  be  removed,  and  the  cnnrael  diac,  f, 
applied  by  meana  of  the  bent  arm.  The  camphine  lamp  in  to 
be  placed  upon  the  adjustable  lamp  stand,  and  the  Hume  of  the 
lamp  brought  into  the  locus  of  the  elliptical  mirror,  llie 
itolc  in  the  elliptical  reflector,  m,  h  to  be  brotiglit  in  the  optical 
axia  of  the  inatrument,  and  the  reflector  directed  so  a«  to  form 
the  imago  of  the  flame  of  the  lamp  upon  the  enamel  disc. 
The  illuminating  lens  h  then  to  be  adjusted,  until  tlie  surface 
of  the  enamel  disc  is  seen  distinctly  at  the  same  time  >vith  the 
object  under  examination,  in  tiic  same  manner  as  described 
wltli  reference  to  the  tree  or  house-top,  in  the  directions  for 
daylight,  the  surt'aco  of  the  mirror  may  be  recognised  by 
making  a  small  pencil  mark  upon  it  In  this  apparatus,  both 
the  intensity  of  the  source  of  light,  and  the  angle  of  the 
illuminating  pencil,  ore  under  command,  the  intensity  being 
regulated  by  the  taxe  of  the  image  of  the  flame  of  tlic  lamp, 
produced  upon  the  enamel  disc  by  means  of  ^-arying  the  place 
of  the  lamp  in  the  axia  of  the  elliptical  reflector,  and  tiio 
angular  dimension  of  the  pencil,  by  means  of  the  revolving 
diaphragm  plate 

'Ilic  examining  glass  mentioned  in  thia  article  has  been 
arranged  by  Mr.  Koss,  and  is  of  the  greatest  service  in  center- 
ing the  compound  body  witli  tite  illuminating  apparatus,  of 
whatever  description  it  may  be.  It  connsts  of  a  tubular  cap, 
similar  to  tliat  which  covers  the  eye-glaaa  genemlly,  but  con- 
tiuns  a  convex  lens,  which  is  so  placed  tliat  the  emergent 
pencil  at  the  eye-glass  is  in  its  focus.  Tliis  emergent  pencil 
is  the  image  of  the  aperture  of  the  object-glass,  also  of  the 
apertures  of  the  lenses  and  the  diaphragms,  which  mfty  be 
contained  in  the  rondens^ing  tul>c,and  these  are  all  pufErlently 
near  in  focus  at  the  same  time  for  their  concentricity  to  be 
recognised. 


33* 


represented 
in  6g.  270,  as  con- 
etructcd  by  Mr.  Rose; 
It  coiisijrts  of  three 
lenses,  of  very  lor^ 
iliaineter,  for  their  focal 
length,  for  the  purpose 
of  producing  a  large 
angular  pencil  of  light* 
the  forms  of  the  lenses 
being  given  in  section 
at  the  upper  part  of  the 
figure.  The  illuminft- 
tor  is  applied  either  to 
llic  under  surface  of  the 
stage,  in  the  usual  man- 
ner, or  id  niadc  to  fit 
into  the  tube,  a  Oy  re- 
'^'    '  ■  presented  in  plate  id. ; 

to  its  under  surface  is  fixed  a  revolnng  diaphragm  plate,  the 
image  of  which  is  to  he  formed  in  the  same  plane  as  that  in 
which  the  object  is  situated,  as  in  the  WoUaston  condenser. 
Mr.  HoB8*s  plan  of  using  this  instrument^  and  bringing  out  the 
effect  produced  by  Mr.  Kingaley,  is  as  follows: — First,  »* 
usual,  let  the  image  of  an  apei'turc  iu  the  (^pliragm  plate  be 
produced  in  the  centre  of  tJic  field  of  tlie  microscope,  at  the 
same  time  tliat  the  object  is  distinctly  seen,  then,  by  means  of 
the  adjustable  staf^e,  place  tlic  object  on  one  »de  of  the  field  of 
the  microscope,  and  follow  it  by  moving  the  compound  body; 
pursue  this  com^e  until  the  object  is  laterally  just  beyond  the 
matpn  of  the  image  of  the  aperture ;  whilst  the  object  is  in  this 
position^  and  the  image  of  the  aperture  is  just  without  the 
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field  of  the  iiiicroeco|»e,  udju^t  Uie  iUuininating  lens  ao  thnt  the 
rcil  light  va  got  rid  ofand  the  blue  light  appears ;  the  detail 
uf  the  object  will  novrasHume  a  pearly  appearance.  The  stage 
is  then  to  be  moved  round,  carrying  llie  object  circularly,  until 
the  illuminating  pencil  interset^ta  the  Htrwcturo  in  the  proper 
diroctioD.  The  excentricity  of  the  object  to  the  image  of  the 
ft{>erturc  ia  to  bo  varied  aLu)  until  the  best  effect  ia  produced, 
the  larger  apcilurc^  of  objectives  permitting  thi:  greater 
amount  of  this  excentricity.  To  recapitulate,  the  success  in 
bringing  out  tltc  peculiar  eticcUi  uf  tliis  illumination  depemli 
upon  employing  the  mo»tappropnate  aperture  in  the  diaphragm 
plat4.%  producing  tlie  imagu  uf  it  by  means  of  the  suitable  rnya, 
by  placing  the  object  at  the  boat  distance  laterallv  out  of  the 
image  of  tlie  ajicrturt*,  and  by  giving  the  object  Huch  position 
that  the  illuminatiug  pencil  iotcrscctA  ita  atructure  iu  the 
proper  directioiL 


MEflBRS.  SMITH   &  BECK's    IMPROVED   LAROK   AMI   8HAXLKR 
ACUB03IAT1C   MtCROSCOPEd. 

Thk  improvement  in  the  microscopes,  ropresent«l  in  plates  iii. 
and  iv.,  conbista  in  the  new  mode  uf  applying  the  apparatus 
under  the  stage,  for  the  important  purpose  of  illuminating  the 
object;  tliat  of  the  8m:dlcr  instrument  is  shown  in  pliiLe  xti. 

The  difference  in  construction  is  simply  a  short  cylindrical 
tube,  which  ia  capable  of  being  moved  up  and  down  by  rack 
and  pinion,  S ;  the  tube,  H,  bein^  mounted  on  the  same  piece 
of  metal,  IJ  U,  and  by  similar  fittings  att  the  body  of  the 
microscope ;  it  is,  therefore,  exactly  centrical  with  it 

The  advantages  are,  that  many  of  the  fittings  are  simpler 
und  more  exact;  combinations  of  apparatus  chieHy  in  connec- 
tion with  polarized  light,  and  never  before  effected,  are  easily 
made;  and  from  the  facility  of  keeping  the  size,  the  instrtmicnt 
is  not  required  for  future  additions  of  apparatus. 

Besides  this,  the  stages  are  made  thin,  to  obtain  as  oblique 
light  tu  possible,  and  a  revolving  plate,  T,  which  is  sometimes 
a  convenience,  is  applied  at  the  base  of  the  pillara.  The  dia- 
phragm is  shown  aC  L;  it  is  mounted  on  a  sliort  piece  of  tube, 
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into  which  selemte  pUtoa  may  be  fitted,  ao  h  to  b«  revolved 
as  occaaon  may  retjuire. 


SCALE  or  AMATHLSIA  HOUSFIELDll. 


naocGH 


Air. 


the 


author  is 

enabled  to  furnish  h\a  rcailers  with  pintc  x.,  in  which  is  a 
rcpreeeatation  of  one  of  thu  ctuuiLcteri^c  scaler  uf  this 
buttcrflvi  as  seen  under  a  power  of  825  diameters.  Hie 
following  account  of  the  structure  of  this  scale  faaa  been 
given  by  Air.  De  U  Rue,  in  vol.  ill  of  The  Trarutxctioju  of 
Hk  Microscopical  Socirtt/: — 

•*  The  outline  of  fig,  1  was  first  made  with  a  power  of  250 
<Uameters»  aod  by  means  of  proportional  squares  enlarged  to 
Uie  size  corredpunding  to  the  maguifyiug  power  produced  by 
the  twelfth ;  a  scale  of  thousandths  of  an  incli  being  set  off 
with  the  camtTi  iu  each  case,  to  atlbrd  the  stanchird  of 
comparison.  The  drawing  was  then  corrected  in  detail^  by 
portions  eel  ofl*  with  the  higher  {tower,  which  were  found  to 
mutch  the  enlarged  drawing  with  tolerable  accuracy :  io  this 
way  a  very  fair  representation  of  the  scale  and  its  markings 
was  produced.  The  croas  striue,  when  riewed  with  a  twelfth 
of  a  110*  aperture,  and  illuuiiuated  with  a  quarter  of  60**, 
Uijcd  us  an  achromatic  condenser,  and  adjusted  well  to  focus, 
ciune  out  under  a  |Kiwer  of  H25  diameters  in  l>ca«le<l  lines,  on 
which  protuberances  were  distinctly  seen;  these  latter,  when 
focused  at  their  suminitfl,  ajipeared  as  brown  dots.  TTie 
longitudinal  striiu,  under  the  same  eireuuidtauccs,  have  like- 
wise a  somewhat  corrugated  appeanmce,  but  not  so  marked, 
and  at  (he  upper  surface  similar  dot^  In  fig.  2  is  repreacDted 
a  portion  of  tlie  stria;  at  tlie  lower  focus,  as  seen  with  a  power 
magnifying  nineteeu-hundrcd  diameters,  tliough  tlie  drawing 
is  made,  for  convenience,  to  a  scidc  of  forty-four-hundred  to 
one.  The  scale,  when  viewefl  from  tlie  under  aide  with  this 
power,  exhibits  the  lower  membrane  as  ^iigiitly  undulating, 
probably  from  its  being  dry. 

"  ISouie  pci-soiis  have  tJiought  that  the  constricted 
ance  of  the  crow  striic,  just  described,  is  due  to  the  uvcrhiying 
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pigment  cells;  but  this  u  not  corroct,  as  Mr.  Do  1a  Rue  has 
uonviaccd  liiimclf  by  careful  and  repeated  exoiuiuatioua,  more 
eapcciaUy  from  the  uoder  side,  that  the  etriiw  thcmaclvea  are 
really  beaded ;  it  is  tnie  tliat  tlic  pigineut-cdls  eurreajKiiid 
very  exactly  in  position  with  the  etriie,  which  U  very  remiirk- 
ahle ;  but>  in  eomo  of  the  deeply  coloured  scales,  there  is  a 
granulated  appeiirance  covering  the  entire  surliicc  of  the  scale 
very  uniformly,  in  which  the  constricted  appearance  of  the 
Htriie  IB  even  more  apjHLreut.  Hence  it  would  appear  that  the 
peculiiirity  lu  the  nirtrkings  of  the  Amatlmsia  IforsfieltUi  is 
due,  nut  tu  their  coiifii8tiitg  nf  mluute  acjilcH,  but  to  tlic 
superposition  of  pigmcut-oells  exactly  over  the  bended  stxiw ; 
the  tranaverse  markings  exhibiting  the  ap|»earanoe  most 
strongly." 

NEW  TKST  OHJECTS. 

Since  tlie  last  edition  of  the  present  work  wad  published, 
two  test  object:^  having  extremely  close  and  shallow  undulating 
Burthces,  have  been  employed  by  microscopic  ol>3crver8  io- 
tcrested  in  tliis  branch  of  inquiry.  The  first  of  these  is 
fiiom  America,  and  is  one  of  the  Diatomaocic  termed  Gmm- 
ntatophora  auhtUissmm,  whilst  the  other  is  a  Xa^icula,  first 
employed  by  Anuci.  The  utmost  mnnagemcut  with  oblique 
iUumiuatJon,  and  it«  precise  direction  with  reference  to  the 
Btriie,  is  necessary  for  their  exhibition  ;  tlie  obaervcr  must  be 
prepared  with  plenty  of  patience,  and  provided  with  glasses  of 
very  targe  aperture,  to  recognise  the  striations.  Mr.  lioss'a 
objcct-glusses  of  ,']^of  an  inch  focal  length  and  162  degrees 
of  angular  aperture,  exhibit  them  satiittactorily. 


THE  PKOmJCTIOM  OF  ARTIFICIAL  POLABIZIKG  CBYSTALa. 


Bt  dissolving  disulphate  of  (piininc  in  acetic  arid,  and  care- 
fidly  ilropping  into  the  solution  a  dilute  »«pirituous  solution  of 
iodine,  wanning  the  mixture  st)  as  to  re<lissolvr  the  prL-cipitatc 
first  fomiod,  n  compound  is  produced  which  has  the  reomrkftblo 
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property  uf  p<Jarizaiig  light,  with  a  power  saperior  to  th&t  of 
the  tourmalitiCi 

B}r  careiiil  msnipolation,  cry^tab  have  been  obt3UQ:Cd  bj  (be 
diaeorerer^  Dr.  Herapath,  of  Bristolf  eoSicieDtly  large  aad 
tnnsparent  to  be  used  &b  a  polarixer,  Aod  haTe  been  adapted 
hj  bim  to  the  £eld  of  the  microecope ;  all  the  ti^nul  pheiM>- 
meua  of  the  poUrmng  microscope  can  be  exHbitod  bj  meaaa 
of  this  cheimcal  coBibloatioa  of  iodine  and  flisulphate  of 
quiiune.  When  these  crystala  are  examined  by  two  NicoU' 
prisms  or  two  tounnalines.  it  is  also  eyident  that  at  ce^tUD 
angles  of  rotation  tliey  pofewse  the  power  of  depolarizing  light, 
and  tkoB  conduct  themaelvce  as  a  plate  of  »vlemte  would  do 
under  the  same  cireiunstaiicesk 


^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^H 

^^^^^^^^^^^^^H 

^^^^^^^H 

A 

ApbitiM  420                                      ^^^^^^1 

AaSXKATlOW, 

Api«nitiM,                                            ^^^^^^H 

chn>nutio,  09 

poUriiiofr,  120                                       ^^^^1 
for  colloi-'tiitg  lofuorta,  3M                   ^^^^H 

q>luiriaU,  59 

A«inu, 

Aqiifttic  plftnto,                                              ^^^^H 

■caliiei.  4'2I 

to  ciihirftts.  3S0                                     ^^^^H 

folliculonim,  422 

Ari*taj>liMiie>t,  1                                              ^^^^H 
Afphutam  nmcat.  3T0                             ^^^^H 

ftutumiuiliik,  (22 

donetUciu,  422 

^^^^^1 

AoeoHOf;  ituunmentJ^  110 

tluMd'lnff  micmcopc  of,  359                ^^^^H 

Achrernktiam, 

Indicator  of.  145                                     ^^^H 

dlKorsry  ot  S3 
AehromtUe  eandeBter, 

^^H 

Powell'*,  lis 

^^^^^1 

lUm'a,  114 

^^^^^1 

Rmltb'a,  115 

^^H 

Aehmutic  niicnMoop«,  I6T 

Baods,  Boobb.  3                                            ^^^^1 

AdUM  Oeoigv, 
"                muroaeope  of,  S3 

Ikkar.                                                      ^^H 

21                                             ^^H 

Aduuk  G«aifC,JuD., 
DUCNaoope  oC  34 

Bad^rronnd  Ulnmliutlaii,  IM                      ^^^^H 
BaMrmi-nl  itMnnlireoe,  443                                ^^^^^H 

miennnetcr  of,  310 

BalR  hair,  467                                              ^^^H 

A<UiuUn<int  of  Ughi,  62 

lllood,                                                            ^^^H 

of  fociu,  »3 

circolslion  uf,  to  riew,  863                    ^^^^H 

Adnntasn  of  polariied  light,  2S0 

iQ  liuecta^  SM                      ^^^H 

Apinnt, 

Id  (Uh,  SM                          ^^^H 

microMope  of,  U 

in  twf,  307                       ^^^^H 

AlcTOoium, 

upeciiDcaft  of.  414 

KpDcimena  of  io  vcrtcliTata,  336             ^^^^^| 

AlgiB,40<I 

Bone,                                                             ^^^H 

Amid, 

apadneu  of,  42<1                                   ^^^H 

rcfiecting  mkniieopa  of,  86 
ochionuUe  otjaet-put  of,  30,  38 

McUoDa  of,  to  nuke.  386                       ^^^^| 

to  Bionnt,  328                       ^^^^H 

Aogle  of  anerton),  491 

netbod  nf  BMMar1ti(.  484 

Bonnani,                                                       ^^^^H 
micTOKope  of,                                     ^^^^H 

Aninul  tlMaa*. 

BoiLD«t.  for  corapooiul  l>o4y,  147                   ^^^^H 

lo  dlswct,  353 

U«ler'«.  147                                           ^^H 

daulfiatioa  of,  411 

Leonard'a,  147                                        ^^^H 

Animal  olnvcU, 

clu«iOc«tioa  o(,  411 

BotUo  holiltn-,  143                                         ^^^M 

Box  oell^                                                      ^^^H 

Animftl  Uruetiirea, 

loetliod  of  oetnetitiiig,  300                     ^^^^^| 

u>  mooQl  In  C^uiada  bolsum,  311 

Boxca  for  ol^lecta,  484                                   ^^^^| 

AnlnukU, 

Brewiter.  Rlr  Darld,                                     ^^^H 

bur  of,  432 

jewd  Iraaei  of;  3(1                                  ^^^^H 

honu  of,  433 

eroored  sphen  of,  30                          ^^^^H 

bonfN  of.  433 

fluid  uhjecl-glaMM  of,  34                       ^^^^H 

Anlennic  of  iaiKctJi,  4  IS 

Brooke,                                                         ^^^^^| 

Apartmcot, 

^^^^1 

tshoiix  of,  41j3 
1 

Built  ap  nll».  2S4                                        ^^^H 

^^^^^    506                                                                       ^^^^^^^^^H 

^^^^V 

Clieeao^mite,  422                             ^^^H 

^           Cimwwa  ros  Osjiicn,  iS4 

CbeTnIicr,                                               ^H 

^^^^B               OigwforutltualcuW,  ISO 

mlcroecopc  of,  38, 105                    ^M 

^^^^H               C'Eiucni  lucidik,  144 

achnuDBtic  o^jee^tlia•■  oC  SS^^^H 

^^^^H                     uioilc  of  coiMinicUns,  230 

Chlmsc;  of  lunp,  lU                   ^^^H 

^^^^^^^_^             tueUtotl  i)f  uHiuj;,  'iJii 

toclefti),1fiS                           ^^^H 

^^^^^^^h            uses  to  which  applied,  284 

ihidfl,                                   ^^H 

^^^^^^^r            motbod  of  makiu);  dii^frtou  by. 

CUppiniiiM  of  wood,  S41                   ^^^^| 

^                         284 

Chromatic  sbemtUon,  1S9              ^^^^| 

^^^H                    Kaebel'B,  232 

Cin:uUtioD  of  blood,                       ^^^^H 

^^^^H             CunpMii,  (f 

to  riew,                                       ^^^H 

^^^H           Cuuda  Iwlflftm, 

in  tOi,  SM                              ^^^1 

^^^^1                     to  DiouDt  object*  in,  801 

in  frag,  307                             ^^^^| 

^^^^1                         McttoiworvDodiii,  S08 

in  toi^fue  of  frog,  370             ^^^^| 

In  KummAlia,  ffli                  ^^^M 

^^^^^^^^                 aniiDK]  otTuotum,  3U7 

^^^^^^^K               fbuil  infiiiKiria,  30^ 

Circu!ntir>n  In  pUnts,  373              ^^^H 

^^^^^^P                - —    fonuninifora.  MO 

to  <rittw,                                       ^^^1 

^^^^^^     Oaodlntirk,  tsa 

in  Cban,  373                              ^^^1 

^^^^1              Cuming  to  foed  iiiAisorU  with,  3&£ 

in  UnaodMl,  878                    ^^^1 

^^H         c«Ub, 

in  nydnx^Mriit,  376                 ^^^H 

^^^H                     B«t,  385 

in  Xitclla,  375                         ^^^M 

^^^L                  £.  J.  Qoekotl'a.  282 

in  i'eniteman,  S7B                   ^^^^| 

^^^^^              Dtuliei^380 

in  TmitesauitJB,  37T                        ^H 

^^^^H             thin  gbH,  891 

in  Valibocria  spirmiiK,  37!>       ^^^H 

^^^^^^H              vonrnTe,  SS8 

ClBMification  of  objecta,  3£W            ^^^H 

^^^^B             white  lead,  280 

of  aoiual  tiHuev,  411              ^^^^| 

^^^^^K            Valeatlue'e,  QM 

of  ?«getAMe  iiaiu<.-A,  400           ^^^^| 

^^^^^H         Hotiud't,  •mr 

Cleaning  lainpH.  IM                        ^^^H 

Hlides,  311                             ^^H 

^^^^^^H           Toppine's  thin,  SSS 
^^^^^H            Bluidbolt'8,  268 

Colmob  miemnieter,  210                 "^^^^f 

^^^^^^1 

Coddin^toD  lenA,  4^                         ^^^^^ 

^^^^^^H 

(^llomiji  wKcls,  to  tni-w,  409                     ^H 

^^^^^^H 

Colonn  of  polarised  light,  245                ^M 

^^^^^^B               ive 

ConijKiuiiil  micnwvope,  163                             i 

^^^^^^^M           dwp,  to  mouot  objocta  in,  2S7 

Couijiouud    [uhromatic    nucruscopflr 

^^^^^^H           Raiiujr'M, 

67,  tor                               ^ 

^^^^^^^H 

\Vlev'^  93                                       M 

^^^^^^^H            to  mount  opftqae  object*  in,  332 

Chenliei'*,  30, 105                    __^M 

^^^^^^^H            DK'Ihotl  of  ccuiGiiliiii,',  270 

Tliuuwr'*,  B«                              ^^H 

^^^^^^H            witti  aad  witboul  heat,  270 

NMhet's  107.  SSO,  490           ^^H 

^^^^^^^1            with  mAriniiygliic, 

^^^^^^H            with  Canada  baUua,  273 

OberfaBDMir'i!,  106                     ^^^H 

^^^^^^^^                  p!Bt« 

Pimachcr'm  68                         ^^M 

^^^^V              Cellular  tiBEuc,  vegetable,  401 

Pistor'x.  1U3                                         V 

^^^^^^^       CVmcnw, 

I'ovcU  and  Lcahutd's ">*,  ".  7S,    H 

^^^^^^K            japAUntr'fl  golil.«j)!e,  274 

80                                                  ■ 

^^^^^^H            wKllnR-was  ruruub,  274 
^^^^^^B           aspluUnm, 

Ko««'i>.  81,  M,  496                             ■ 

.S.-hiek'K.  102                                    M 

^^^^^^^H            Cutadft  taloaiD,  275 

Hioilh  and  Beck'H  larfe.  87            H 

^^^^^^Hf 

nuoller,  PO         ^^ 

^^^^^^^F 

BUtrlcnt's.  Bl 

^^^^^^B 

iinproyed,  500    ^ 

^^^^^^H              thick  gam, 

atand.  part*  of,  08                             M 

^^^^^^^B             SugKitt's  liquid  jet,  277 
^^^^F                 tManoMkora  blulc  rurniith,  277 

ot^cct-dBno),  71                          i^^H 
Compftund  body,                             ^^^^H 

^^^^H                      Blwk  jiifinn. 

racthad  ofmoiintl&g,  70          ^^^^| 

^^^H               Clumber,  dork,  ti:! 

Compaiworinm,  187                       ^^^^| 

^^^^H              duttn.  ciroulalion  in,  373 

CouilfiiKer,                                         ^^^^H 

^^^H                      h«bitiit       3&Z 

W(>IUu>toQ'f),  112                        ^^^H 

^^^M            Chirlcft.  M., 

iK-hruniaUc,  113,  1(9               i^^^H 

^^^^^^^            lonuB  oC 

1 

^^^V            INDEX.                                                  ^7               ^^^1 

Conilauwr, 

DiuDond,                                                      ^^^^| 

KoM'f,113 

eewni,  378                                             ^^^H 

l?miUi'«,  llfi 

^er'«,  259                                               ^^^H 

Abnhiun'i,  119 

^^^^H 

Sh»lbolt\  iOi 

method  of  ttsing,  200                                 ^^^^H 

Gillcu'a.  ^07 

D[ai>)>  rafpu  .111                                                      ^^^H 

CauiliiiiMiig  leu,  1S3 

^^^H 

MiiuU,  Vi3 

Diroctionti,  preliminar]'.  181                              ^^^^H 

Con]*,  list  or,  415 

IHnxt  light,  193                                                     ^^^H 

Curki>,  iMded,  360 

BImk,                                                                        ^^^H 

Com-oUou  vr  obiec4>glaM, 

lo  mount  optqiiM  on.  SIS                           ^^^H 

KoM-8.  170 

DifWM-tiBc  InstnimenU,  841                               ^^^^| 

Cortntry, 

farcqn,  348                                                     ^^^^^^ 

nikrvmctor  of,  209,  211,  217 

catting  Ebroopt,  S45                                   ^^^^^| 

Cnrent  of  tbia  gUm,  i6& 
OrjratalliBliuo  oftMlta,  tovi««.  419 

microtome,  345                                          ^^^^^| 

omdlM,  MS                                               ^^^H 

Cuff, 

necdlo-hoUlen,  840                                    ^^^H 

mieroHcoiM!  of,  20 

aon-onUinc  849                                        ^^^^H 

microiuvtci  of,  i'i,  310 

rcsb.  851.  3fr4                                           ^^^H 

Culp«|>er. 

Uoiigltf.849                                              ^^^H 

nueroMOiio  of,  20 

HmlpoK  840                                              ^^^1 

CuUir»Uon  of  wttcnpUaU,  9$9 

KiMOiv.844                                               ^^^H 

CnrraiU  in  fluids,  U)  rlew,  461 

■pring  fdison.  345                                    ^^^^H 
Vftloolin't  knife,  UiT                                 ^^^H 

C'ueUucv, 

wood  wcUooit  of,  24 

DteeoUng  letM,  51                                        ^^^M 

Cutbbcrt. 

Dba«cting  mieroiteopc,                                     ^^^^1 

reBecUn^  mtcniBcope  vt,  96 

Kscbet*.  855                                            ^^^H 

Catitim, 

^^^H 

TCKcUiMo,  l<>0 

eilKirouit,  YCgcubtc  Utt  of,  400 

porUUs,  Smilh'i,  54                                 ^^^H 

ShmX  00                                   ^^^1 

Cutttng-uiAcblne,  335 

flbckX  58                                  ^^^H 

Topping*,  337 

RtmXM                                    ^^^1 

foroepa;  940 
meihocl  Of  using,  US 

VftleDtiue'ii,  (hJ                           ^^^^H 

Smlih  and  Hork'iL  8:f               ^^^M 

HuijaU'i,  88                            ^^^H 

Cyliiulcn, 

OberhnowT'B,  398                      ^^^H 

moontiog  obitcU  ei^  321 

Anther-^  859                             ^^^H 

CjrBiph430 

LHfMction,                                                       ^^^^1 

orDem,858                                         ^^^H 

mtudc^MO                                          ^^^^1 

0 

Knimil  llaanca,  883                                      ^^^^H 

Daboki, 

vc^iMv  tiiMueiw  85S                               ^^^^^| 

BticrOMOpo  of,  9R 

tnnbcM  of  ittMcta,  Ml                             ^^^^| 

Dwfc  clumber.  11 -i 
•topi,  1S8,  -il2 

•plndM  of  iiueoto,  S6S                          ^^^^H 
DiTiu  Eoitnehlo,                                         ^^^^H 

Dvki^r,  Mr , 

micrMoopeoC  S                                       ^^^^| 

poUridog  Mppftmlua  of,  24I> 

doaUci  oC  18                                           ^^^H 

melhoil  of  luuiiitUng  ulijooU,  817 

DolUnd.                                                          ^^^H 

□uehiiu  tvr  cuUing  Uua  (!■«, 

aehrMutic  IdMoopc  of,  38                     ^^^^H 

9«8 

I>onb)«l,                                                     ^^^H 

MII.SW 

DMpealk, 

mientooplii,  WotiMton't,  30,  85,           ^^^^H 

lo  moant  olf{M(«  In,  M7 

181                                                       ^^^H 

Uormcstcs, 

Hencbet-t,  Sir  J^  19                               ^^^M 

halm  (if,  4(19 

Vnw  tuba,  89                                                 ^^^H 

I>o*tniiIicw, 

Dnbhcl.  Conidlwi,  S                                      ^^^H 

to  ralloct,  391 

micmwope  at,  8                                       ^^^^H 

inethni   vf  tnountinn,   Ut. 

hrillM  cell*.  298                                                ^^^H 

Tliwaiu-n.  287 

Ury  tnclliiMl  of  mouoUng  ulyvci^  SIS           ^^^^^| 

DiAinoiid, 

^^^H 

lean,  be 

pSpHT  UOll,                                                                         ^^^^^M 

^^H             608                                              INDEX.                                              ^^1 

^^^H              Ductile  Twetoble, 
^^^H                       list  or,  403 

FonunJaifen,  (0  maaal,  310          ^^^| 

ForaatN,  12»                                ^^H 

Vftriejr-B.  135                            ^^H 

^^^^^^^      Unlcb  reih. 

^^^^^^L            to  pr«(tti«,  8S3 

E.  J.  QDek«U'^  134                ^^H 

duBecting,  S44                         ^^^H 

cutting,  345                               ^^^H 

^^V 

for  hotdin^  pill  boxo*,  824             ^| 

^^^H              Ebomo  Olub  BLi&n,  SM 

Pagc'i.  313                                   ^^M 

^^^H                EfSSofliiMctK,  410 
^^^H              EJevLricsl  ccmcat,  'i~9 

meul.  314                               ^^^1 

Fowl,                                             ^^^1 

^^^H              Elytra  of  itue«t«,  410 

laftaoritt,  396                                  ^M 

^^^^^L              Epilholiuin, 

method  of  pivpariof,  3y7             ^M 

^^^^^H               anlf ,  439 

lifli  of,  412                         ^^H 

^^^^^^B            priuaalit.-. 

lo  notmt,  800                        ^^^1 

^^^^^^1                           44U 

twill,  »pecum.'iu  of.  4:27         ^^^| 
woodA^lUtoT,  405                          H 

^^^^^^H            method  of  rlowin^,  410 

^^^^^^^^r             clawtification  of,  444 

Fraunhofor,                                      ^^^H 

^              ErccU>r,  125 

ot'jcct-glaM  of,  35                    ^^^H 

^^^L                Euler,  upcrimenU  of.  33 

Preocb  duphngm.  125                  ^^^^| 

^^h 

lamp,  151                                  ^^^B 

^^^H                     pitru  of,  436 

Fn«.                                                       ■ 

^^^^H                     of  inwcU,  4 1 7 

eirvnlatioo  of  Idood  iu^  397            H 

^^^H              Ejrc-pien. 
^^^^^^             llujghoitUii,  73,  \es 

longttc  of.  circalation  in,  370         H 

bit,  dmlaUoQ  in,  370             ^^H 

^^^^^^K            nuoromcter,  212 

plate.  III.  3(18                          ^^^M 

^^^^H            tocUu,484 

Tarn,  KicboUa,  work,  of,  83           ^^^| 

Onun,  Mb.                                      V 

^^H             nraii,407 

metbod  <if  mounting  olijccU  4it,   ^| 

^^^H                      spores  of,  407 

■ 

^^K^      Fibn, 

condenaer,  205                               V 

^^^^^^L             wooilj-,  403 

illuminating  wnumttta  of.  407 

^^^^^^H             muacuUrRpecimeiuof,  437 

OlasH. 

^^^^^^^               vhUe  uicl  jbHow,  437 

b«at  fbrmicnMeoptcpurpoKatSffS 

^^^V             ?ibro  oellolu  Umuo,  401 

cutting  iKunl  fur.  294 

^^H              fiAb, 

methcd  of  catting  slidea,  363          ^ 

^^^^1                      rircalBtion  of  blood  in,  to  view, 

thin,  metbod  of  ealLinc,  205          ^M 

^^H^                  36tf 

lliin,  corcni  of,  265                          H 

^^^^^^^            awRTatiu  for,  3flS 
^^^^^M            Mslci)  of,  42» 

OlaEicr's  diamond,  250                            H 
Goadliy,  Sir,                                               ^M 

^^^^^^^              trottglui,  14n 

ili^iiitecting  raieroBOOpe  of,  £4  ^^^H 

^^H^             Fwhing  tubw,  133 

Quid                                         ^^^H 

^^H               KUt  veU,  284 
^^^B                      B.  J.  QaekollX  285 

Oooiometcr,                                    ^^^^| 

liOMon'H,  251                           ^^^H 

^^^^^^      Flulils,  presemitirc  278 
^^^^^^K            aoeurfcofaltimiua,  27fl 

Rom's,  2!i6                               ^^H 

f^rvonia.  Dpedmcna  of,  41S         ^^^H 

^^^^^^H            ehroBtis  seid,  ^0 

^^^^H            OoadbT's,  278 

letuQi  of,  26                               ^^H 

^^^^^^1            giroenoe,  280 
^^^^^^H            ttoiHtion  of  erawle,  970 

improrcment  in   rofloeting    xni    ^M 

crowope,  85                                  ^| 

^^^^^^H            spirit  and  fmter,  278 
^^^^^H            Tliwaitaa's.  270 

tcit  objwfa^  diaeorcry  of.  38,  458  H 
GtB]-*  Slcpoen,                                     ■ 

^^^^^^H            napbtba,  281 

lonaeo  of,  0                                       ^M 

^^^^^^V            mlt  aiid  irotor.  280 

water  microocope  of,  10                 ^M 

^^^^^^^^             gcDoni)  dlrccUoru  for  miug,  2^1 

nimplo  rcflocting  microecope  of,  H 

^^^^H                       riirrenUi  in,  to  *iew, 

10                                                 ■ 

^^^H              Fluid  lu  mount  objecU  iu.  'JS2 

fluid  tanaoa  of,  U                             ^M 

^^^H               VtKxm,  wijxiitment  of,  183 

Orindeliiu,                                                   ^M 

^^^^^^^      Fontatui,  2 

mieroaoopt  o^  8                       ^^^H 

^^^0^     soo      ^^^B 

CroaDdwI.  rirruUtion  in,  S78 

lllumiDatloQ,                                                   ^^^^H 

OtUQo,  lo  prepare,  3V8 

truwp«mit  ditto,  ISA                              ^^^^| 

Quid  umenl,  'ilii 

1iftck^7«tiod,  194                                      ^^^^H 

Oljeerfne.  280 

lUamiaiUor,                                                         ^^^^^M 

tod  gebUoe,  283 

OllleU'B,  49                                             ^^^H 

Wenluuu'a,  1                                        ^^^H 

Amiri'it,  204                                             ^^^H 

B 

Indicator,  1                                                      ^^^^| 

H«BrrAT, 

biAuoria»  383                                              ^^^^| 

of  chuA,  382 

topnaire.  383                                     ^^^^H 

nitcllA,  383 

loaUtlM  tor,  .1^:1.                                 ^^^M 

bydrochBTM,  3S3 

■ppMal(uforrnllcr(ing.S84.  385             ^^^^^| 

HiUn.  311 

•meOioA  of  oollectinf .  387                        ^^^^H 

oruiInua*,433 

whovl,  3M                                                ^^^H 

of  bat,  487 

to  foed  with  carmine,  896                        ^^^^M 

of  iiuMU,  418 

tomO^SQt                                               ^^^H 

of  mouM,  488 

BKlliod  of  prvpariog.  307                        ^^^^H 

ofdcmestes,  489 

to  noant  in  Canada  bAlnm,  3^9            ^^^^H 

of  plnnU,  4((rt 
tlaXl,  CWtor  More,  Mr, 

fotwi),  liHi.  of,  1)3                                     ^^^^1 

recent,  list  of.                                          ^^^^| 

olyMt-glua  of,  33 

li^jectioiu,  Liffberkulm,  17                                 ^^^^H 

Harvni  bug,  423 
Hflnptth.  Dr.. 

of  macoaK  mcmtirwie*,  4m                        ^^^^^| 

lOMCtA,                                                                                  ^^^^H 

artifirinl    poUrizlag  fiiTSt&lA   at. 

circulation  of  blood  in,  383                        ^^^^H 

ISOS 

tnAm  o4;  to  diaMct,  881                       ^^^H 

IIer«cb«l.  Sir  J., 

ifbmelM  of,  to  dliMct^  IfS                    ^^^H 

doubluUi  of,  89 

pi«|Nu»Uonii  Ihiiii.  3                                ^^^^H 

Hett'i 

featean».418                                       ^^^^H 

microAoope  for  ii^yMliona,  &&  4S3 

t^gtot,*l«                                           ^^^H 

Highlcy.  Mr.. 

elTtia,  416                                              ^^^H 

Ump  of,  461) 

ejt»  of,  417                                          ^^^H 

Hill,  Dr.. 

foct       417                                                  ^^^H 

work  of.  24 

haini                                                        ^^^^H 

HintM,  miKollanooaa,  483 

^^^^H 

Holder. 

421                                                             ^^^H 

iMttle,  143 

n*!«dk.  34S 

■cnlca  0^438                                           ^^^H 

Hollind,  Mr., 

■pinclea  of,  4M                                   ^^^^H 

triplelof,  Sl.«6,  103 

tneiwn  0(423                                        ^^^H 

wfail«  lewl  cell  of.  387 

Mlnfi  ot,  *U,                                         ^^^^M 

ttooAj  for  twnnpouod  bod;,  147 
Lister'9, 147 

tUnmmAm  of.                                            ^^^^H 

mi»oellau«Kw  parU  of,  414                      ^^^^H 

LMOud'i,  147 

InitminSBlA,                                                   ^^^^H 

Hmi(r  of  aiiinutk,  433 

diBMrtinK,  343                                             ^^^^H 

Hook«f  Kobert,  3 

for  cutting  corers.  aA6                             ^^^^H 

iDicrogr»phi&  of,  3 

noncultinji;,  349                                          ^^^^^| 

miemoopc  of,  4 

Iron                                                                ^^^^^M 
for  celb,  370                                               ^^^^1 

Honu  of  anlinaU.  438 

to  vatke  •ocUoda  of,  841 

^^^^^H 

Hufgbcns.  2 

^^^^H 

HnyKbuniiin  ejrc-picce,  188, 176 

^^^H 

Kamnkn'o   itnpruvemeiit   on, 

Jaooov,  Mil,                                                 ^^^^H 

178 

mlcnin»t«r  of,  313                               ^^^^H 

Hjnlrv,  to  «uininc,  3S6 

Janwn,  !Sa<!)iariaa.  3                                       ^^^^H 

HydnMhuiw, 

iapanoer^  goldHlze,  3T4                               ^^^^H 
Juropha  oil.  IM                                             ^^^H 

cireutetlon  in,  878 

I 

TLLCKTVATiail, 

of  otjuei^  18f 

mieroMmpe  of,  ItN)                               ^^^^H 

'    ■:.■-.■*   -.  - 

i- 

\< 

:__■  -.;_     \i--,-.-  -..  hl: 

■.■■--■ 

V 

-     --;.      .:. ..■■..!..  i:3 

~  .   :    -- .-  -..L 

•  ■-.    -    1 

>f 

r  --.■-:  '-  i. 

I.     :,..-.    '■':   ■ 

::   ■  V.  -.   "■ 

.... 

-.-    ■'.  ■  -+ 

>: 

.  T   :.,-.  ■-.  r.  ■_    .' 

■.■■.:'.  ■      :_ 

■   .  L  : 

■.4: 

A  U::.--,  -.:  ■ 

!,■  "  -  •  -■  ■.-■ 

■■  :'    .    ■_  '  '■ 

A'—-:  '■'>':..- . 

•    -• 

■  ■■-■-.■■.  ■■■  iLM?.  ■;•>.■! 

f    -    .  -.            "  ■■: 

1   - ,  •'_  ,    ■_  ■_'    -_  ■_ .  1 

'■,     ■  .:;.  :.,.-■ 

1.-  ■•■.:. ■.'\  -.  -i '.,  Ci^H 

-    -r  ::.,   -  - 

;■.■■'.    '  i 

•-;■■-■■       '..  -'. '1 

'■:  1  .  .■.  ::.,    r 

■  ■    ■:'.  I -J 

-.■■-.  ;  ■.■.■■■.■.  ;..'  ';v.\  -222 

1. !:;.'!  ::..   :  - 

J'i.  :■!-■;:■..  ul.i.  -J^y 

ir.  ■    ■-    r.-  ..■". 

7" 

M.r:i,v  a.  2l:> 

hlLi''/'..^.  .-J.!  '.'.. 

- 

]',■ ,  -ll- 

\.:-U'. 

;iil;::-'[iJ'-n'  u 

I-J 

\h 

■roiiu-:',T  l;r.v<.  tuf.nd  value  of. 

.lir-'.  ;:'■; 

ill  ,ol".uI'  u.iorniiu-ior.  l^-.'I 

•AAlir.-.  ]:'i 

ill  iK^':i;i^i.-  i^v-i'icie  miorumttor 

[■■pljiri/.r.iifi  ■ 

;'.  i  ;■; 

J 

IJl- 

I.)rii|";t,  t'iH^-i;'.  1.; 

i:.;, 

1 

it)  ["'-iiivr  liiiio,  ■J-Jit 

I.iiiv-. 

in  >Ml;o  LiiiTuiiiLtLT.  "21$ 

KliiTullli-ttT,   I 

-J  ;■■  -,f, 'Jl- 

i  ^'' 

•r,.-.-.,|.,.. 

CM-  [lit!''      nil 

T'lUH.  I1.T,    \A 

n-  ..r 

1 

lii'liiiiiiuii  >'t.  I 

'  Tin 

Aiiaiii-'-,  (Iciirjre,  '2'i 

^^^^ 

HIcTomope,  dmottiag,                                   ^^^^H 

AdMin'«,0«oiv6,jinL,  34 
Amici's  rcloeUnji:,  ti!4 

Autfa«r'»,8St(                                            ^^^H 

UoMlb.v'N,  58                                             ^^^H 

anatomicAl,  Livborkuha's,  18 

Kacbota,  357                                               ^^^^H 

Ji|ilniiit'ii,  34 

ObsriuuMf'ii,  35S                                     ^^^^| 

BODIUIIJ'S,  S 

Pomll  and  Leoktul'a,  83                         ^^^^H 

Cultwper's,  30 
Cuir»,21 
Cbanlitr'n,  M 

Btm'i.  SS,  «>                                           ^^^H 

Rom'i  porublo,  55  ^^^^H 
RuiMuf't,  6.1                                             ^^^H 

CBtkbett'tt  nfiecUng,  35 

Smith  and  Ueck'i,  62                               ^^^H 

Divini'A.  6 

Slwlcy  54                                                     ^^^H 

Drvbbel'A,  3 

Valentine'c,                                              ^^^^| 

Ony'B,  8t«ph«a  (witer),  10 

MicroAcopio  oltJMU,                                     ^^^^H 

Onty't,  AtcpheD  (reflecting),  10 

duaficotioQ  of,  999                                ^^^^H 

QrioilcliuB'i,  8 

olne,  40«  ^^^H 
auiiulobiocts,  411                                ^^^^H 

)l<K>ko'«.  4 

luinil.  Livtvcrkuhn'ii,  lit 

^^^H 

opuiuc.  MebericuhtiX  IS 

fenu,  40T                                                  ^^^^H 

molar,  Lielicrkiilui'ii,  tl 

fibro-ccIIuUr  tiwue,  401                              ^^^^^| 

Lccawcabock'a,  0 

bain,  400                                                  ^^^H 

iDcmil,  S4 

hanl  Umuoa,  405                                       ^^^^| 

Maretnll'a,  13 

ebeeae  mile,  4St                                           ^^^^H 

Mftrtiii'a,  22 

moaeo,  40e                                                    ^^^^| 

Newtony  »4ir  Uuh^  7 

muuik  of  itiMoU,  418                                ^^^^^| 

SulTotti'Mi,  8 

nphidcs,  403                                            ^^^^| 

Seulotl'i,  31 

■mds,  401                                                 ^^^H 

wuBooyj..  11 

moeiinciut  of  niucaUir  fibre,  437  ^^^^H 
nliiwoua  eotielei,  400                               ^^^^H 

WllMft's,  J.,  opaque,  12 

VolUalon'ft,  1>r.,  3() 

■pinl  reawlB,  402                                     ^^^^H 

cotD|>oDn(l,  67,  1$3 

tipom  of  fonu,  407                                   ^^^^^| 

coui|Kiuiiil  wrbraiiuiici  197 

TS^lAble  vuticlea,  400                                 ^^^^H 

CheTolierV,  105 

ngetoblocellnbr  tiMiM,  401                     ^^^^H 

nulcvT'^  v4 

wood*,  ■ei'iioiiH  ot.  4ij;i                                 ^^^^H 

Klntr's,  100 

wooda^  foMil,  406                                      ^^^H 

OberluuHr'N  106,355 

Microtomo,  545                                                ^^^^H 

PilUwhvr's,  «8 

MiDonlit,  >peGuiiciu  ot,  453                             ^^^^H 

ri<tor>,  la-) 

liirror,  73                                                    ^^^^H 

■'oitgII  and  ImImw!'*.  74,  77 

Rteol,  145                                                   ^^^M 

—           Urvc,  »1 

MiscclUnroiu  object*,  4UH                                   ^^^^^M 

(Kirtabb),  78 

Uorbid  ■tracUrH,  to  examiae,  450                 ^^^^H 

BoH'o.  40.  SI 

MuunUog,                                                        ^^^^^1 

RooB'i  porublo,  84 

8eluck'«.  Iii-J 

fonmiaifeta,  310                                      ^^^^^| 

Smltb  oad  BeckV  lanrv,  87 

fowil  infuMruL,  8A0                                   ^^^^^| 

tiinallor,  M 

Mctloiu  of  wood,  309,  840                         ^^^^H 

for  Htufleatat  91 

MouDtingobjeetA  b  Uuuda  fashun,            ^^^^H 

\tj\i^%  93 

301                                                        ^^^H 

ImprvTcmenU  In,  hjr  H.  Powell, 

metal  foroefw  Cor,  304                             ^^^^H 

42 

neoe—iy  oppMrnlui  f^,  SOS                    ^^^^H 

J,  Smith'*,  43 

Pogo't  tonift  for.  303                               ^^^^H 

iaiproraaciitB  in,  hj  C.  Vsriey, 

MouDUog  objoctA  in  ijie  ilr;  wnj,  818             ^^^^H 

44 

Dorker'i  nctbo'l,  317                             ^^^^| 

fwrUofBlABil,  M 

Gillotfi  netkod,  31 4                                 ^^^H 

tueof,  m 

MoanlinK  objecu  In  fluid,  S8S                       ^^^^| 

Dnnlicr  manalactnrad,  48 

ICoa&tiair  opoqaa  ottJool^  818  ^^^^H 
in  oefU,  322                                               ^^^H 

pockd.  47 

dmple^  47 

oa  crlUden,  SSI  ^^^^^M 
ondliieK,  318                                             ^^^^1 

nu^iiytng  powtfi  of,  64 

«}>piMWor.  TS 

in  pill  bono,  833                                      ^^^^| 

nSjnit-^laMM*  tit,  71 

oa  ■lidoo,  SSI                                            ^^^H 

^^H^                                                                   tKDEX.                      ^^^^^^^^1 

^^^H             MouK  hair,  461 

Otyoela, 

1 

^^^H            HoTtnMBt  stage,  60 

in  tbs  dry  wbj.  to  mount.  313 

^^^^B             If  ncovi  wwiibiiuwi,  48R 

Mr  GilWtv  314 

^^^^1                    metbodof  exuainioA  443 

Mr.  DmrtcTK  317 

1 

^^^^H                      ii\)DetJon«  of,  444 

for  polarizad  lisht,  447 
Ohjeet-ipsM, 

^^^^L__     Mtuck,  to  ditHcel,  360 

^^^^^K          eUMtficatioa  oT,  4S7 

achromaUe,  CbMtar  More  HalTib 

3S 
aaid.  Bir  D.  Bnrnwba'K** 

^ 

achromatie,  AialdX  Sfi.  M 

^H 

^^^^^ 

Fmunhofer'a,  35                         ^_ 

^H 

^^^^r               NlOBIT,  M., 

TnUcy-n,  86, 185                         ■ 

^1 

^^^^^^^            mierawope  of,  107 

achroraatie,  ChcrraUar'K,  38      ^B 

^1 

^^^^^^^L          <ji>wrting  microMope,  S57 

improvenMSt  in,  J.  J.  LfMcrX 

^H 

^^^^^^^V           diemiMi  mienMeope  of,  *W 

39,  105 

^1 

^^^^^^^^              o>iUi{ui;  prism  of.  119 

iinuroi'enieol*  in.   dino^   hj  A. 
{ow,41 

^1 

^^^^H                      Cftmen  lucida  of,  333 

^1 

^^^^H             Knviaila  An^kU,  4T4 

ofmivraetx^  71 

^fl 

^^^^B                     hippocunpos,  473 

correction  oC  170 

^B 

^^^^^      ?feedle. 

triplft.41 

^H 

^^^^^^H         poiDt> 

metliod  of  adjtuMoj;;  479 

^H 

^^^^^0            iitMaiag,  S48 

to  cUan,  484 

^H 

^^^^^^             holder*.  84& 

Ob1ii]Bo  Uffbt,  IH                            ^ 

^H 

^^^H             Htm,  to  dixMct,  859 

Oil  for  lamMy  154                             ■ 
Jatropha,  154                            H 

^H 

^^^^B             Newion,  Sir  leaav. 

^1 

^^^^H                     n-flix'liiig  micTtMcope  of,  9 

Opaque  object*,                               ^H 

^M 

^^H            Nitolls. 

to  illamlnate,  196                    ^B 

^H 

^^^^H                    eireulAtian  of,  376 

iiiBthud  of  mountioi;,  Sif)           V 

^H 

^^^H                      habitat  of,  3)^2 

on  diMMt.  818                                   M 

^1 

^^^H             Nobert'B  t«iiU,  475 

on  Q-Undei^  331                     ^B 

^1 

^^^^1                   iltumimlor  of,  203 

on  lUdes,  321                          ■ 

^1 

^^^^P             Non-ratting  iiutniiQeotii,  349 

In  celU,  322                                  ^ 

in  pill  l>oxc«>.  333 

to  illumioate  by  oondenainx  Imu. 

IM 
by    eoadeniJDff     leoa,    Hookc'a 

1 

^^^^v 

H 

^            OiTOBiiim, 

method,  198 

^B 

^^^^1                   diwectiof  niooMopM  of,  SfrH 

by  Hde  tefleetor,  1S8 

^M 

^^^H             OlgflcU, 

bj  Lieberknhn,  190                   ^h 

^H 

^^^1                     tdudfieation  uC  3M 

Hir  P.  Brcvrtter'B  method.  I8t^B 

^1 

^^^^^^^             mcwnretncnt  of,  S17 

^M 

^M 

^^^^^^^K            Tf!^tiiMe,        of,  40O 

^H 

^H 

^^^^^^^H             nisrclluDcous,  408 

^H 

^H 

^^^^^^^H 

H 

^H 

^^^^^^^H             tnuuiparvut)  to  viev. 

Picn'ii  FoiuBM,  308                        ^B 

^M 

^^^^^^^1           lUamlnaUon  of,  180 

Piper ccUb.  318                                H 

^H 

i'aruitic  iniiect«,410                        ^| 

^1 

^^^^^^H            t«at. 

Penfltomon,                                          ^H 

^H 

^^^^^^^H             tmtwparent.  to  Lllumiiut*,  186 

circulation  in,  S7S                    ^| 

^H 

^^^^^^^H             opttijuv.  to  illnmin&le,  1M 
^^^^^^H           Butbod  of  mounting  289,  801, 

Phial -IiuMlt.  143                                 ■ 

^H 

PiU  boxes.                                        ■ 

^1 

^^^^^H                       316 

to  mount  ubjecta  in,  S3S           ^B 

^H 

^^^^^^^B           to  monnl       fluid. 

forceps  for  liotdiag,  324            ^B 

^M 

^^^^^^^H           apparediK 

Pistor's  microscope,  103                   ^B 

^H 

^^^^^^^H            to  mou&t  iu  Canada  balBam,  301 

Pt&nlJi,                                              ^B 

^H 

^^^^^^^H             neecwry  apparHtnn  fur,  302 

hain  of.  400                              ^B 

^1 

^^^^^^H            to  mount  in  flat  ccIIa,  2S5 

circulation  in,  378                    ^H 

^H 

^^^^^H                 thio  glam  cdla,  2S1 

chara,  373                                     ^B 

^M 

^^^^^^^B                 '        cooove  etlli^  286 

method  of  risviof,  875           ^B 

^H 

^^^^^H                white  lead  «e)l«,  SSQ 

niitJIa,  374                                ^B 

1 

^^^^^^f                                            ^^^M 

mmu. 

^^1 

hydroohsrlA,  STfl 

ijntKiRT,  E.  J.,                                               ^^^^H 

grovtidMrf,  S7S                                I 

foRVp*.  ISIJ                                                                              ^^^^H 

x-nllLuicria  iiplnll)!,  870                   I 

flat  oelU.  244                                                     ^^^H 

)H!iiiticiiiDn,  S7S 

UMthod  uf  luoontjni*  opaque  tt\*-                 ^^^^^M 

fti)iiaik-.  lu  cultinte,  3fiO 

jerta  ill  pit)  boxea,  Hi9                            ^^^^H 

PHuy,  I 

fompe  Air  ditto,  834                                    ^^^H 

f  wliet  uuionMcopv,  48 

^^^^^M 

Pow«U-i> 

^^^^^H 

Podun,  acttlM  oft  484 

^^^^H 

Foil]  I.  needle,  864 

^^H 

Tarubtc  micnwope. 

lUtsiTll  CiLU,  S»8                                            ^^^H 

Stnitb,  64 

Ramiidm,                                                            ^^^^H 

K<m,S5 

cjrcpiflw  of.  78,  1T0                                     ^^^^H 

oompoand    ichranuUtf      micro- 

RaphidM,  iui                                                  ^^^^H 

Kope,  Powell,  74 

Raep^),  «8                                                        ^^^^^M 

ditto,  KoM,  61 

Itcadlns-Urap,                                             ^^^^^^H 

lamp,  ISji 

Re-a^Ql,                                                      ^^^^^H 

I'olariatitMi  of  light,  236 

Keoord.                                                        ^^^^^^^| 

orif^D  ot  tenn,  '236 

K«di,  Or.  Fnoeia,  -i                                   ^^^^H 

•ppftnlUK  for,  'iiii 

Kclnttor,  aide.  127                                            ^^^H 

mode  of  luung  ditto,  ffld 

Hwlfs  for  dlMctinff.  851.  SA4                          ^^^H 

wItuiIi^w  0^  2S0 

Row,  Andrew,                                                         ^^^^H 

c»u«o  of  ooloon  of.  24S 

fint  KucroKopo  of,                                     ^^^^^| 

Lora;,  Mr,  eip^nineDU  of,  341 
Iliirker.  Hr  .  api«ntus  of,  249 

iaprvffcBuit  iu  ditto.                       H^^^^H 

objeuta  for,  44  d 

oompouail  micnwcope,  SI                       ^^^^^| 

Polmrinng  ftp|)U«iiM,  120 

dillo,  ditto,  portable,  81                            ^^^^H 

ci7*Ul«,  503 

diaianiDff  imerDMopa,  portable,              ^^^^| 

PolyiM,  trauglu  for,  14tt 

^^^H 

PositioQ  of  nucrueoopa^  181 
Powell,  H., 

Hini^  tnlL-rmcope,  5Ft                                 ^^^^H 
a<'linini«tic  vmu  ciucr,  118                             ^^^^^H 

uu|in>vcmflnt«  in  mieraMopoi,  43 

(.xirnvtiMt  of  olyeet'SliMf  170                     ^^^^^| 

Powell  uid  boaluid. 

Koniomulcr,  256                                          ^^^^H 

ootDpoapd     ■clirtinisti'-      micro- 

Row,  Mr.Tbomaa,                                                 ^^^H 

Mopo.  74,  77,  78 

nuehitM  for  nttiiig  thin  glaa,               ^^^^| 

ditto  ditti),  largo,  SO 

309                                                          ^^^H 

diMocliof  micRwcopc  53 

Rotifim.                                                             ^^^M 

■cbromUie  condeOMr.  118 

to  preeut,  3M                                        ^^^^H 
Bt^.  Dnldi,                                                 ^^^H 

Powtn,  ougKlfylti^  158 

Pnlimitiary  dlncUoni.  181 

4q  prepare,  889                                           ^^^^H 

Pnp*ntiolll^  uiinutl,  1i*t  of,  411 

^^^^^^1 

PrwrvBlire  fluids,  379 

^^^^^^1 

'  spirit  Kod  wal«r.  378 

^^^^H 

»wUt«  uf  alaiiiin«k  ttS 

^^^1 

creoioto  folution,  ST9 

GUlu,                                                           ^^^^H 

Mr.  ThwkitaX  STB 

omUllintloa  of,  440                                 ^^^H 

rlrcvrum,  88U 
G«uiby'«,37a 
ohrmnic  acid,  SSO 

8dnUl,                                                        ^^H 

i^aiweopo  of,  6                                      ^^^^| 

RalM.                                                          ^^H 

ult  and  water,  S80 

of  AtoatiuuU  HonfleldD,  Mi                    ^^^M 

lupbtha,  2ftl 

at  flah,  43S                                                      ^^^H 

method  of  oslar,  S81 
Prinn.  l>uj«din>.  118 

ofHippairhia janim,  4R9                              ^^^^H 

ofinaeeu,  433                                             ^^^^| 

whnttiiatJc,  lltt 

of  PontU  hnuMca,  470                               ^^^^H 

NadiflO  obUqB«,  IIB 

of  PolTninuiatiu  aipolai^  470                    ^^^^| 

Pritolurd,  A., 

of  Podura,  470                                            ^^^H 

icwd  \emm  of,  8(t 

of  I^imua,  473                                         ^^^^| 

varkio(44 

Oitat'i  wing,  473                                    ^^^^M 

Ptulsmy,  3 

Mcotdatta,  *la                                   ^^^H 

33 

SoalpaU,  348                                                    ^^^H 

5U 


i-vnF.x. 


niiuroBcdfiBof,  21 

rtL-ullnjjr  K^x  vMntixh.  cement^  4T4 

pfdone,  ii>  mnlii!,  !IK5 
t«th.  Ui  make.  ;Si:iii 
khelt  to  nuikf,  ^^fl 
wood.  t«  oinke,  »a6.  338 
haLr,  to  make,  '141 
hinn,  tq  make,  'Ai  1 

of  wood,  lUt  of.  HH 

wood,  U)  mount,  340 

tidtiq,  Ui  mount.  S.S8 

t«Gllt,  til  mount,  S^tU 
Seeds  l-cfila  of,  (o  vicw^  409 
Colloiuitt,  im 
SeleCLltc  bUi^,  449 

txpcrimenUi  or,  30 

Sliu-JWlt,  CJ,. 

.-i)i|in.nit.iiH  for  infuttoriq,  A&i^  ^^5 

muking  i.v\\».  Se^^t 

insLniitu«ul  foniitlitig  thin  gl»^, 

anDulu;  coadcnacr  of,  2Si& 

litmp,  1E0 

I'llLIIHIL'V,    1  ti',! 
Slid  I, 

H'i-li(i-!i-,  in  iiiiiki',  lini 
Scliii.k's  iiiii'i'".-<'ii[>c.  I'li; 
Siitc  ivllr.-l^ir.  ]'J7 
Silimius, 

\iLfr:ihlf     >kilfliiii-^.    Ii>   )>ro)-:uv, 

rlilirlr-i,   li-r  ut",    |n(i 

Sitnpii'  llli^|■ll^.■..]ll■.   17 

iiNt^uirviiiu'  |"i«i'i-s  lit',  il  I 
SiriL,'lc  k-iiM-.  >\[ 
Skill.  .-[xtIiik'h-  hI;  i:i', 
Slii.'k, 

(li-^l-clillL'  lllii-l-n-i-iilir>  111',   fill 

Sli.l.-i, 

('ili,'iinr  i.>r.  litM 

l;il>clliii^'nr.  4>^i'< 
iiii.'lhipd  i>r  rl,';niiii-j'.  lUl,  I.-4 
niriuiil  iiiir  utiJL'i'is  oil,  :i_:i 
Siiiilli.  .[.. 

iiiicrn^co]!!'  iif.  ■; ) 

[II lit al ill'   ili-.-fi-tiiiL'     mil  Tii-i'iU'i'. 

:>i 

Sniitli;iiHl  llick,  r,-2 

ai.liniiiiaiii'      iMiiiimuinl      iDicjn 
>i.'(i]io,  ?7,  ,"fIH 


ffmith  Aud  Beck, 
Attmlbr,  SiO 
itnprovwi  laiimner,  o«ii 
sludctitV  micTOKope.  0t 
adironiAtic  condeiuer,  115 

Spencer,  Mr., 
laiufi  of,  157 
sppajslue  fnr  itifuMJiia,  9M 

Spider, 

nlrraljitioii  of  lAooA  ttu  S^A 
won,  MTcnlstion  in,  ST7 

Hpiraclefl  of  ii^^tct^^  423 

HpJnl  veseeK  403 
Spiritlainp,  ^ti.^ 
Sporiss  otlnraf:  407 
Hpring  seiRBorKv  846 
KpODgeti,  lUt  off  4tS 
Stage. 

niovcmeat,  fi» 

Turreli'a,  7fl 

iQver.  Alfred  'VVhit^X  80 

■>r,  08 
HI  arch.  4(1^ 
K(ecl  minyjr,  14fi 
Hteiua,  struclure  of,  S39 
Stin^  nf  Lnwujl*.  424 
Ktotuncbd  of  ioucts,  424 
Stops,  dark,  128,  3112 
f^tnu-tiiTCof^lciBt.  339 


T 

'T.wu.y., 

"riiKii^iiihiiiir  ii<'">.Ts.  •J-2'^ 
111' Vifln'li  t(ii.-:isnro.--,  ■JJl* 

TiTlll. 

-]prL'iiiii'n:*  iif,  ■('J7 
tii--iil,  -IicrillK'IW  of,  -l-JS 

MTtimis  of.  Ill  iiiakc.  :!l'!> 

(iiiiii  liiitii.  111  iiiiiimt,  ,i;iO 
Tek-i-..i.c,  ll..llaiiil's;t;; 
Ti-I  i.l.JTTi-..  iii-i'iivfry  iif,  li.-^ 

iiiciliinl  iifixauiininL',  i7i' 

li>l  ok  4':7 
Tr>VA  iil'-rcil-.  ro  vii'w,  4u;' 
■|\-t-,  Niilirri-,  14n 
'i'liuniu-.  Mr,, 

iiulhiii!  iif  iiiiHiulinij  IV'-iniilioit', 

'ri.--iii-, 

animal,  1"  ili-^-ii'ii.  ".'.'i 

v<>i;i'ial')i\  tn  lii-M'ct,  ;'..-i-J 

hard  wL'flalik',  !■>  iiiakt-  -oi/lioiis 

Ilk  ■■■'>-i 
liiHn  ilitlc,  li-[  wf,  li'j 


I 


IXDKX. 


515 


ToDgue, 

of  firog,  circulation  in,  570 

of  limpet,  45b 

of  whellc,  4S4 
Topping,  Mr., 

cutting-mMhine  of,  337 

troughs  for  diaaecting,  34B 

thin  cella,  291 
TmchwB, 

to  disnect,  367 

of  injicctB,  423 
Truuparent  objcctA, 

to  view,  1S2 

to  illuiDinat«,  186 
Triplet,  Holland's,  31.  65, 162 
Triple  object  glass,  40 
Troughs, 

for  polyps,  140 

foriish,  142 
Tube, 

cells,  29-2 

draw,  6!) 

fishing,  13S 
Tulley,  Mr., 

object-glass  of,  36 


I'sa  OF  MrcRTWcopE,  181 


V 
Valiktix's  Khifk,  347 
Valentine, 

distteoting  microscope  of,  60 

white  lead  cell,  286 
Valliaucria,  circulation  in,  37D 

to  keep,  382 
Varicy,  Coraellus, 

improvements  in  micnncopes,  44 

compound  miscroscope  of,  V3 

forceps,  13$ 
Vt^tablc, 

nectiooB  of.  to  make,  332 

Hkeletons,    siliceous,  to  prepare, 
333 

cuticles,  lint  of,  400 

cellular  tisAiie,  401 

libro-ccllular  tia«ue,  401 

spiral  vessels,  402 

ducts,  403 


Vegetable  tissaos,  4iM 

to  dissect,  352 
Viviani,  3 


\V 
WATcnMAKaa'fl  Lhr,  50 
Wocdon,  Mr., 

inxtruments  of,  349 
Wells,  dark,  128 
Wenham,  Mr., 

illuminator  of,  116 

new  medium  for  mouoting  ob- 
jecU  in,  282 
Whalebone, 

to  cut,  241 
Wheel  animocule, 

localiticD  for,  394 
Whelk,  tongue  of,  454 
White.  Alfred, 

lever  stage,  89 
Williams,  Mr.  John, 

apparatus  for  infusoria,  SS6 
Wilson,  J., 

microscope  of,  11 

opaque  microscope  o^  12 
Withering,  Dr., 

microeeope  of,  25 
Wollaston,  Dr., 

microeeope  of,  30 

doublet  of,  30,  65,  161 

periscopic  doublet  of,  28 
Wood, 

cuttings  of,  by  Custanee,  24 

chippings  of,  841 

sectionj!  of,  to  make,  S35,  338 

ditto  ditto,  to  mount.  340 

sections  of,  list  of,  404 
Woods,  foiwil,  405 
Woody  fibre,  liat  of,  408 
Woodward,  Mr., 

work  of,  246 
Writing  diamond,  261 


ZiB5,  Jrar, 
work  of,  9 

Zoophytes, 
list  of,  415 


33* 


Printrd  h\  Hr.  H.  COX,  3,  Ureal  Qwwn^ttwt. 


elntt  (HLthe  Ificrosrope   ^ 


Putt  3. 


■■'    ''    .^/^ 


COMPOUND     MICROSCOPE. 


^u^-a^yf^^ 


t^V1l*^m.1^n^ 


:-^  H  b«^  Mk«a..39]cMH  >*  ^  3b*  Llm  Xi^ 


URGE  ACHROMATIC    COMPOUND  MICflOSCOPC. 


Qvdiftl  a  TV  Ulcroiccpc 


Fig.  I 


SMAUCR  ACHROMATIC  COMPOUHD  NICROSCOPC  . 


FUw 


>;r/— -V 


i: 


4VA«w*f.; 


fSKww?^*  M*»^  fK* 


.rf^   ^y- 


J-i 


ttmdmt  M  Bmtlb^n.  /WAMcf,  0KJEM«*<-fc  ^'■'  ~- 


_Ji 


*  "  * 


>■  I      l»  ^1  ■■    ■■    I""         '  ^      ■*■     I   ■■■!         II 


i 


Hi 


IJST  OF  WORKS 

OH  ms 

MICROSCOPE  &  THE  COLLATERAL  SCIENCES, 

TOUCUAOOr 

IL  HAJLLIEKK,  310,  REGENT  STREET,  LONDON; 
AND  290,  BROADWAY.  NEW  YORK. 


ADAMS.  Ewii^  on  tlie  MtLToncope ;  ooutjiining  n  Pmctical  Dvscription 
ut'  iKc  must,  tiiiprovucl  Afli-nMoopes,  KUil  n  (rcuuml  IlUtorj'  of  Iiiwcto. 
Sot'iiiul  pflitioti,  hy  lvnnmaGbi>r,  with  tJiirtii'-two  platM.  Quarto. 
I^iidirri,  1708.      IHjT. 

-  MiiTo-.Tiiiihia  IllustraU ;  or,  the  Micrtmfop*  explained.  Foiirtb 
edition,  i)c;tji.vo,  sL-vvnt^'-two  plAtea.     London,  1771.     d*.  Gd. 

BAILKY.  >lii>ro>!i>copii.-Al  ?^xauiiuatJon  of  Soundinin  od  lite  Atliinttc 
Coast  ot'lhti  Unitc<l  States,  (^uitrto,  with  one  plAte.  Washington, 
ICiSI.     2«.  lid. 

Micn)9<;i>picat  Observations  made  in  Soutli  Carolina,  Georgia, 

ami  Flcjritlu.     Quartu,  iritb  thrw.  plates.     Waabingloo,  \M\.     0«. 

BAK£R.  The  Mieruwupe  made  uasy,  aud  Emplo^incnt  for  the  Micro- 
scope, with  OlisiTvatiima  ami  Uuuiark!'.  Twd  volumes,  ucLaru.  ealf 
neat,  iUiutraled  with  cDpfwr-phitcti.     tit.  8r/. 

— ^^  Esaai  ^ur  riiistoire  Naturello  du  Pulrpe  Insocte,  traduit  pw 
Deuioiirs.     In  I'iiun,  nrec  vingt-deux  plancnes.     Paris,  1744.     4«. 

. •    Th.:  MIcrt>wop«  mmle  easy.      Scooad  edition,  octavo,  fifteea 

plates.      London,  1743.     6s.  M. 

BAYARD.  Exumt<n  Microscopiquc  du  &»cnne  Desscch^  gnr  Ic  Lingu 
ou  Hur  les  Tt)wu»  dc  Katurv  et  du  Uoluratiim  Dtrenr.  Octt^th 
Pi»ri«,  1839.     2*.  Grf. 

BISCnOFF.  Entwicklungngewhiditc  d.«  Kaninchon-Eie*.  With  IB 
plncei.     Quarto.     BrAunochweig,  IS42.     XI   Ijt. 

Trait^  du    DeTcloppemcnt   de    I'llomme  et  dea  Mamroiffpe«. 

OcUtu  at  ntlax  quarto,  dr  seize  planches.     Farit,  IMS.     IHm, 

BOEHM.  De  Ulandularuin  IntexlinnUum  Strurtura  Tenitiori.  Quarto* 
with  two  plated.    Uerlin,  IHAS.    2f. 

BREWSTER  (Sir  D.)  on  the  Microdcopc:  from  the  EntTdoiMidk 
HritHimir.i.     Tost  octavo.  plate«  and  wood-cuta.  doth.     1837.     6«. 

CHEVALIER  (Ch.).     Des  Microiwopea  vtde  leur  Usage.     Vma,  1896. 

Oi'liivo,  fiU  pUinrheK.     {►«. 

TroI.''-rcnt  Animnlciiloi  Infnsoiro*  dessinfa  &  I'Aide  du  Mimn- 

!<>[)(',    il'apnV'*    I'ritrhanl.     I*ftri)>,  lHd9.     OctaTti,  avec  6  planrhea 

euiorieeji.     '-it. 

DONNB  (A.).  Coiirs  de  Uicroseupic  rcmpleoientajro  tlei  Etudaa 
M6<licale:<:  AoatiiiniK  Mit;ru9C<^>i<pie  Pt  Piij-HKiIogw  dei  Kluidei  de 
rEccmumie.     Pari?,  IH44.     Orlavu,  de  SM  pajrad.    7«.  t^. 


FORKiaii  WORKS  OK  trtc  wiciu:sronr 


DONNK  (A.).  Alias  duCiiuradc  MiCTTBTOpie.tatcut*!  d'aprRsNalnrcatt 
Mirrtiih'rtpc-JIaiJUi'nvotvpt-  imr  A.  Duniiij  et  L.  Foumult.  J'ltri*, 
1SJI5.  Atlns.  tbiiw  dc  viiijrt  piiitji.'ii>,'s,  i-oiit«rmi)t  <|iiiitre-vingt  figures 
jfriivtiw  Htt>4;  Le  jiliw  grttciiJ  Mtiu,  avw  uii  ttixU"  itoMTripuT.     £1   lOi, 

lUICUAItntE.  OlTUL-rvatiuiii  AiiftUMTiii|«icfl  t-l  < fr[jaDugi^iii'[m?«  sur 
la  CUmJu-fitim'  J'Kutmir'.  In  ij^iiMrUi,  um-c  cejil  [«laitclii;s.  I'aris, 
1H47.     (m.  i\d. 

DUJAHI>IN  fK,).  niMtJiipu  Nutiiw-Ilp  4iw  Zonplij-trft,  Iiifusoircav  eon- 
rt^rriuiLl  In  riivninKi^ii'i  Ii«  Clna&ififuliim  ilr  k'i-s  Animiiux  et  Iti  l^luiiere 
ilo  li-H  4,-tuJtrr  Jkii  MicnmKipc.     l*iLris,  11*41.     tk^luvu  «t  iittai.     I3ji 

—     Jlouviiuu  Mwiut'l  ilf  ll'01tift;rvuU.'iir  mi  MkTywwp«,     Fwis,  1849, 

III  18iuu,  vt  ullut  dt-  In'uU'  |>liiti'»  iiKji-lnvn,     IOk.  Gil. 

DUVEKXOY  ttur  W  Dciifw  dt^  MuHamJ^iipn  rtiiwidm-e'  dfiits  lenr  Com- 
}MM'ilinn  t"f  U'lir  Stnu-lurt!  Intlitie.  (J(iurt(t,  utee  quatre  pltttii.'lii.'a 
iR)cnKM'p]jH|iii-;«,     FnrtJ,  1844,     Gi, 

EUWARIJH.  gt'ATREFAOES,  K  DLANCIIARD.  RwIienliL^ 
A]iatnmi(|iU(-a  l-I  X>aolu^quc^  tiitrp^  [«nrt«nt  tiji  Vovngi-'  sur  Ics 
CdIvh  lie  In  Sk'Lip  et  sur  ililifcn*  Points  du  Litlonil  dr  la  Fraiit-c. 
Tn<i&  v<,ti%  iiuarW'     Avec  Wuiu'<''up  d^  pLuiohei^     Faris,  liHaO.    £5. 

EllRKNBEKG.  Zu^mtze  ztir  ETfet^iiHtii'ina  GmaBer  OrpaiuMiliott  iiu 
KIcinvii  Knuiut.',     FoliOi  witli  oiiiii  culourt^l  plute.     Berlin^  18^6.     6s. 

ISiir  Krki^uliu^  ((trOrpimbutiim  in  der  Riditung  de»  Klemsteii 

Ramues.     QuktUi,  witb  four  pintes.     Berlin,  I BSS.     i), 

Or^nnisMticjn  in  der  Kichtong  dea  KleiiiBh>ii  Kauuiea.     Qiiarto, 

with  elerem  calourod  pUtes.    Berlin,  IBM.    £\  lOa. 

T>ii'    InriisiniirtliiiTai  licii   nlr"    vv'llkciiiimi-nL'   Or-.':inisTneTi.     One 

vul.  i'olio,  Willi  siMv-limr  I'^lmirL-d  pl;ilen.      I.i;iji7.jy,  IKia.      tl5. 

et  L.  MAN'DL.     Tniiti'  dii  Microsioin-  <t  di-  sun  Kmiildk-dans 

rEliiiU'  ili^s  Cnrji.s  orguiii,-es,  Miivi  dc  Ki'cIutcIics  sur  I'OrLMiiii^aliiiii 
d(.'s  Iiil'iiHiircs.  Oiii.'  \iil-  t-uliivn,  iivcf  i|ii:ilorzo  iiIiurIhis.  I'liris, 
iHiii.      Bs. 

- —  -  -  IiMEK-s  i-i  T)i's(Tl]>tiiiiie:',  Auininliiim  c  VL'rtflirjitoniiii  Plivtozna. 
I'lilvrjistricii,  IJuljitiiriiL',  Eiil<i/(i:i,  Tiirliclhiriii,  I'ulvpu  Anirliniiidi-;!, 
Aiiiiiiiiliii,  Miillii>f;i.  Foliti,  with  ti'ii  plates,  t'tilimrcl.  iit-rlid,  lf*;!s. 
XI    I.Jv. 

lOLLIS,  K»;ii  Mir  Ilisluirc  X;ihin'lli;  lit'S  Coralliiu's  rind  d'aiilrvs  Prn- 
din'linris  Marines,  trailuit  dc  rAii;:!uis.  In  (juarto,  nvvt:  truiito-iK'ul' 
phiricliL'^  riil(ii-k'i.'s.     La  Ila^e,  175t!.     \os. 

KLOl'HKXS  (P.).  Tln'oric  cxiK'rinientulQ  dc  la  Formation  dcs  Os. 
I'aris,  ln47.     Oftavo,  avec  ^I'pt  planclios.     7.s'.  6'/ 

AU'iii')iri-s  (rAnatoniif  ot  dc  i'h_v>I(iln{rie  I'diiipari'fs,  contcnant 

lies  Hci'liiTi'lu's  sur  1,  If;-  Luis  do  la  .Syim'li'ii'  dans  Ic  Iti'yin.'  Animal  : 
"i,  Ic  JMi'ranisnuj  dc  la  Kumlnatiun  :  y,  Ic  Jli'canisinc  *li.'  la  I'cspiru- 
liuii  dcs  i'uijsons:  4,  k-s  liapjmrts  dc;;  Kxtrcmili's  Anlcricurcs  ct 
I'nsti'ricni'cs  dans  riliiniinc,lc?-  QnadrujH'do^,  cl  Ic^^  Oisoaiix.  I'aris, 
1844.     (iraml  ijuarto,  ayuc   huit  [ilaiiclics  ^^'ravi'cs  ct  culoriccs.      18.v. 

KcclnTihc.--   siir  Ic    Di'vck'ppcnicnt   dcs   <.)s    I't    Denis.     Paris, 

lS-1'2.     (Jiiarlii,  avcc  nciil' [ilanclies  yravccs  et  ci'luriccs.     XL 

Aiialoiiiic  (ii'ncralc  dc  ia  I'cau  cl  dcs  Membranes  Muquenscs, 

tjiiarto.  six  planclie-.      Paris  ''^43.      Cl. 


i 


I 


AND  TUK  COLLATKRAI.  HCIKNCE8. 


a 


GOBZE  (J.  A.  E.).  Tcnucfa  eincr  Naturveschioltte  Aet  fUgenweide* 
wiirnt-T  tiiiemciicr  Koqier.    Quarto,  witn  forty-four  plate«.    Leipzig. 

GIROD-CH  ANTRA  S.  Rt^nhiTcht's  Ctimi.iue!*  and  Muu-OAoopiunea  Bar 
Im  Conrerrcs,  lea  Illtjas,  lea  Tn>uicllt>!i.  Qunrto,  treute-KU  puDcbes. 
PaH»,  1803.     XI. 

GL£1CH£IX.  Ob»(rrvistioD9  Microscopiuues  nur  Ics  Partiea  (lc>  ta  Geae- 
ratiua  des  Pbinten,  rcnf«.'run?C!t  clans  lus  Flours  uuJ  sur  Ivn  Inwoles, 
qui  b'v  truuvL-nt  nuivi  dc  (judques  Es»iii»  giir  le  Gt-niie.  Folio,  avec 
Uvutt  plauclii-s  volnripcs.     Nureuiberg,  I7flO.     X2  10«. 

(iKKBKIt  uik]  GULLIVEK.  KlemRnTo  of  the  General  and  Micros- 
copical Anatomy  ot'  Moii  and  ihv  Mammalia;  cbi«lly  alter  Ori^anal 
Be^eorche?.  Br  Frolessor  Gehukr  To  whii-h  in  addc<l  an  Appvinlix, 
tiompririnfr  Uoearcbes  uci  tbo  AjiHkmiy  uf  tbt;  Bluml,  CbyU<,  I,viui>h. 
Thjmous  yiuiil,  Tuljvrck',  wid  AddiU'tos,  liy  C.  Gi'i-uvtm,  F,K.S. 
[ii  ouu  vuluuit',  iH-tuvo.  Text.,  ami  an  Atlfut  rif  ibirty-l'uur  pbitL*s. 
engraved  by  L.  Aldoii».     Two  volumes,  octavo,  elotb.     XI  4*. 

GUKTEHHOCK.  I>e  Pur«  et  GraaubttJone,  with  a  plah*.  Quarto. 
lUrlin,  1837.     ^i. 

lIF.I>\VUt.  Tbeuria  Generationis  et  Frnctificadones  IMantunim  Cryp- 
togiuiiisoruin  Linniei.  Quarto,  oolnured  plates.  Petropuli,  1784. 
XI    15». 

HENLE.  Traite  d'Aiiatoiuic  GcacnJc.  uu  Hi»loirc  des  Tismw  ol  de  la 
Cotuiiositlun  Cbiiiuijue  et  MicroM-upiuui'  du  Corps  Huiiutin.  Two 
voluuK'S,  octavo  avi^;  ciiiiiue  plancJies-Paria,  1843.      15*. 

IIEROLBI.  Dis(|uUitioiieB  de  Animaliiim  Verierbris  CareiiUiun  in 
Ovo  FunBiAli<jni>  irt  de  Genenitioiiir  Ini^ecbirniii  Ov<i.  Folio,  with 
twoiily-eijibt  ploteji,  fourteen  of  wht)-b   htl*  coluurwi.     FrankftiM, 

JOBLOT.  ObwrratioiiBd'HiitoireXBturcUe  liutC8  avec  le  Micrwcopc, 
Hur  an  Grand  Numbre  d'IiuH.-ctC9.     Deux  vols,  quarto,  figures.     l<t<. 

Kt'TZING.     GnindKuge  di-r    l')iibwu>phii>elic-n    B4»taiiic^  with  eighbtea 

uiieroscopicul  ptntcs.     Ociiivo.     Ijtripwg,  IMl.     10*. 

Phrcotogia  Gcocralis,  oder  Aiuttoiiue  Phyautt^pc  und  System- 

kuodc  der  Taniie,  tnit  d}{bty  fallen.     Quarto.     Leipri^r,  1^433.     X'^. 

Tnbube  rbn'CiIn^ift,  oder  Abbitdungen  der  Tan(je. 

OctAVo,  with  one  huiuTre<l  plotev.     lA-iinig,  1h48.     Plajii, 

Vol.  3.     Ports  I  tufl.     Loippig,  1851.     XI. 

Die   KifM-'Iscb:dI;:in    ButiUariuii  oder   Diatomevn,    mit    thirty 

tafeln.      liuartu.     Lwpsig,  IM-I.     X3. 

Species  Algamm.     Octavo.     Lei|M)g,  1H49.     XI  6m. 

LAGAUGIIIF.  (A.-E.).  Etudes  UydroUMniqim  el  Mienvniphir|ae». 
I'anii.  1844.     C^Uvo,  nrn;  ([imlrc  ptandiaa.    Sr.  94. 

L,\l.l.KMvVNU.  Ubaorvaliuns  -mr  rorijiine  it  le  MoiJe  dir  DevclopiM-- 
ment  des  Znospermea,     Ouvo.     Paris,  1H41.     3*. 

LA^IAKCK.  Ilivioire  XiitureUefldeaAmiaauxeBtuV«rt«tnc>.  Seconds 
ediliun,  par  Miliiu,  Edwards,  and  Desbayes.  Onzc  volnnies,  octavrj. 
Paris,  l837-4»-     X4  Hr. 
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LA0RENT.  Rwharcbei  wir  rnydn-  rt  rKjKinge  d'Enn  ilf*u«»,  jionr 
KTr'v  a  rili»bMre  Natarelle  dea  i'olvptairee  ft  d&<i  KpongioirM. 
Octavo    ec    atlas  Ihlio,  de    six  plattcbes  colorizes.    Pura,   1B4'2. 

LEBRRT  (H.).     Phvwnlupp    I'atfanlnffkiuc,   cm    Recherchp*  ClioiqiiPit, 

MJomjicopim>eK  ft  Kx]H^riinfoUl&'>  nur  1' Itillanimatitio,  la  Tubeniili- 

sation,  Ici  Tumears  et  les  autrca  Ttaaiu  acddontcle.    Paris,  1B4S. 

Two  Totutnefl  ocUtDt  atqc  atlaa    de  vingt-deiu  ptuidws  ffrvtia 

en  octAvn.     £1  St. 
LEDRUMCl.Llillt.     Vunuch    zu    ctner    Gnindlicben   Vernticidifimg 

tloTVT    HiiaiutintliicrgcD    ftlikroakopieo.    Quarto,  with   nx    putes. 

Nuremberg.  175S.     3f. 
■     riiyiiiraliiKrbf  t>eoba«rhtungen  dcrer  Saameutiiiergras  JlicroMnpe. 

Quartn.     Nurembt-rg,  175fi.    S*. 
LEErWENHOEK.   Oihtr  Omnia.  Tliifc  Tohimesijuarto,  cum  Tabula 

Liigiluiii.     HatATonim,  17]S-2!>.     £1   I^. 

SflfCt  Workit,  ivmtainiiif;  his  Micnwcopicol  Di««vcric«,  truns- 

liitol  bv  II(Ki1i>.     Tvo  Totiiues  quari^),  portrait  and  twenty  plutot, 
hoartW     1798.     l&t. 

LEREBOURS.  Diwcriptiou  dcs  Microacopcs  Achromatiquai  tninpliiH-s. 
Vara,  1841.     tViavo.     2s. 

L'lIEUITIER.  TraiU'  de  Chimie  Palbologiniic,  ou  RetlicnbM  Chl- 
mirjiies  Hiir  \t^  Soltdo«  et  len  Liqnidefi  dn  Corps  Htimain.  Octavo, 
tigiiriw.     Paris  1843.     9*. 

LINK.  I'nber  don  l.'npmng  der  Stoinkohlen  mid  llntunkoHlen  nadi 
AIikro«kiipi«chcn.    Quartet,  with  two  coloured  plates.     I83H.    2t.  Gd. 

LUSCIIKA.  Die  Strurturder  Snrusen  Hauti;  den  Menachcn.  Quarto, 
wjtb  three  Altcroacopical  Plates.    Tubcngen,  1S51.    Gx.  (It/. 

LYONET  (P.).  Recbcrcbes  sur  rAnotomie  et  leit  UetamorphaaeA  de 
diffiSrentes  Kspcccs  d'lnscctcs,  puUi^  par  M.  Uahn.  Paris,  1833, 
Twoputies,  <|uarto,  aveu  diiquante-qaartc  plmiches,  grurces.     £3. 

Traitc  Anatomiquc  de  la  CbeoiUe  qui  Uonge  Ip  llni)  de  Snule. 

Lnbuyc%  1762.     Quarto,  avec  dix*buit  plancbeii.     £2  IOjt. 

aiANUL  et  EHRENBUKG  (C.-G.).  Tnat6  Pratique  du  Wicroseope 
et  dc  HD  Emploi  dons  I'Etudcdes  corps  Organisi^,  suiTidc  Secber- 
ehea  aur  rOrganisatioa  des  Ammatu  InAuoires.  Ptria,  18S9. 
Octavo,  ftvec  qualcrze  plaucbea.     8«. 

JkfANDL.  Anatomic  i^fIrrDseopir[iic,  piu*  le  Docteur  L.  Maodl,  Profcaf- 
B«ur  de  MifToucopic,  Pen»,  1838-48.  Cet  uuvmge  litnueru  deux 
voluuiffi  folio. 

Lc  Tome  I  comprcnaiil  I'Hifttologie,  est  divut<>  en  tleiix  Scries  : 
Tisaus  et  Orfrans., — Liqiiides  Oreaniquea.  11  a  ut<3  pubtii*  on  XXVI 
livraimn^,  cotnpoflccH  cliacune  de  cinque  feiiiUe^  oe  teste  et  deux 
planrhco  litliograpbi^cs,  folio. 

Les  XXVl  livrHi:»oni)  ilu  tome  I  compretment :  Premii^rc  Sdrie. 
I.  MuHcles.  2  vt  3.  Nerfs  et  Cerveau.  4  et  S.  Appendices  t^u- 
inenlairej'.  fi.  Tenainalsons  dcs  Ncrfs.  7.  Carlilagfj>,  Oi>  et  DeDtiu 
«.  TisBUM  Ccllideux  vt  Ai^|«3tix.  9.  Tiseus  Sereux,  Filireux,  et 
Eliuttif]iie.i.  10.  Epidortncet  Epithelium.  11.  Glanden.  12.  Vaia- 
M>aux  Saiigiiiii!<.  IS.  V'ais^fllux  Lyniphatiquc*.  14.  Struetoru  da 
Foic  ol  des  tilnndca  Viutfuliure.'i.  15.  Siriirliirc  dii  Puumon.  16. 
Structure  dcs  Orgiint''*  i 'rinairfta.     17.  Sstruvtwr  d*?.-!  Orgaiicn  dc  la 
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GcncTAtmn.  1ft.  Struc.iunt  tie  Ia  I'tAu.  19.  Membrane  Muqneuse 
et  Structure  ile  la  Peau.  20  et  2).  Urganes  diia  SetiR — Deuxi^me 
Svrie.  1.  Sung.  2.  Pus  et  Miiciu.  3.  Loit  at  Urine.  4  ct  5. 
Spern»e. — Prix  de  cha(|ue  li^Taison,  G«. 

Lo  tome  II.  compreniint  rUiRto^em-K,  vera  public  en  XX  Uvtu> 
iioni>. — i  livT.  sont  eu  vuntt:,  prix  dc  chB<|iii',  6«. 

MAXUL.  Muiuel  d'Anstutnie  Gtlnt-ralv  Rp]ili<|u6c  ik  U  Phyaiologie  et  la 
Fatbulo;;ie.    Paris,  \H4S.    Oct^ivo,  Hvec  ciiuim.-  pluncbes  graT^.  $m. 

MARTINS  (Ch.).  I)ii  MifTottcopo,  vl  de  mm  AppHcAtinn  k  PEtude  d«t 
ctritt  orguiiLM-s  et  en  jmrtii-uliur  ii  ccUe  ilc  I'litriL-ulc  Vegutale  et  de* 
Globulfs  dii  Saru;.  Paris,  ibA9.  Ijuartu,  de  onarante^ilenx  pages. 
it.  Gd. 

MASCAGNL  Viuonim  Ijtnphaticonun  Corporis  Htunani  Hutoria  et 
luonmj^Bphia.     Senid,  I7ST.     Folio,  C.  M.     X4. 

Prodromo  dulla  Grande  Anatoinia.    MUano,  1819.    Folio,  avee 

viiijft  plancbes  gravuL-a.     £'i  lOf. 

MENKGULXI.  Rccerche  sulla  Stnitltini  iK-l  Cnule  npUe  Plante 
MoiiucuUlcdoni.     Padovn,  ISilCi,  willi  u-t\  pluk-it.     iit. 

MEVEN.  Utber  dit  Swrctioiw  Orpuie  <b:r  Pflaimco.  Quarto,  with 
nine  plHtva.     Durlin,  IHUl.      Igjt. 

Ucber  die  Neiiealen  fiirtarhriltt"  der  Aiialomie  uiwl  PliTsiologie 

rk'f  Gi'vracb<ie.  Qimrto,  witb  twenty-one  mierosi-oplcui  plalee. 
Hnarlein,  |)^.1l>.     £2. 

MilUlKL.  Kouvetle^  Xotn  Microscopiquefl  eur  Ic  Caiobiuni.  (Quarto, 
avec  douze  ptaochefl.    Pari*,  18;i9.    ICM. 

MODI-'.  Dcr  IMaiixen-Substaoz.  Qnarto,  with  two  plntea.  Tubengen, 
ISM.     3 J.  6rf. 

MULLER.  Dc  Glandulanim  »ccemcoliain  stnK^ttim  ivnitiiiri  ear- 
uni'iL'  prima  Fomiationc  in  Hominc  iittfiic  AminnlibtM  Conmientatia 
Aiialmiiica-     Cum  Tahulis  nixtecn.     Folio.     Lipme,  Ift30.     XS  lj«. 

NEKDHAM.  Nouvi^lles  Dccoaverte*  TaittM  aveo  le  Microticnpe.  In 
doiixc,  arer  .<icpt  pliuicboit.     Lcyde,  1747.     5t. 

OWEN.  Odijntograjiliy  ;  or,  a  Trcfttine  on  the  Comparative  Anatomy 
at  tbo  Twtli,  their  Pbyniotogira!  Kelation<(,  Mode  of  Devclnpmf nt, 
mid  AlirroM^nnicaJ  Structure  m  the  Vertebrate  AnimiUa.  Br  Kicnjt.Bt> 
OwKN,  F.K.S.,  Comfi'pooduig  Member  of  the  Royal  Acadcntr  of 
Scieiieca,  J'um  aud  Berlin ;  Ilunlenaii  Protc!i9or  to  tbc  Royal 
C-«>llege  of  SuTfFeoit^,  Londun.  Tlini  xplctidld  work  i«  now  i-omiileted. 
Two  volumes  royal  octavo,  cuutaioiag  xnc  bumb'etl  and  slxty^ei^lit 
plates,  half-bnuml  mssia,  £(i  Hm.  A  few  i<upieH  have  been  printed 
OD  India  paper.     Two  vob.  i|UHrlo.     .£10  lOir. 

On  the  Ora  of  the  Omithorhyncbua  Paradoxtu.  Quarto,  witb  a 

pUte.     1834.     2«. 

-    '     On  the  Structure  of  the  Ornin  in  Marsnpial  Animal*.     With 
three  plates,  quarto.     Ifl37.     3«.  6/f. 

■  — ■  On    tlw  GeDCration   of    tlie   Klai'tuptal    AutinaU.     With    two 

plates,  •luarlo.     1834.     ■'b.  It  J. 

On  tbc  Nervoua  System  of  the  Sphina  Lij^iutri.    Quarto,  with 

five  fJntw.     1834.     4«.  M. 
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PALLAS.    Eleochtu  Zooplutorum.    Hogv,  1766.    OcUvo.    6a. 

PinLLIPS.  ScToMa:  iu  Ndturtf,  its  Prevaltnw,  its  Catwt*.  ni«I  US 
I'l-iudplesi  of  Treatment.  Bv  Be>j\Mut  Piiii^urs.  F.Il.S.,  Stirgeo« 
ui<l  L(M.-tiirvr  uu  Surifcry  lo  the  Wentminaler  l[o«|iital.  Octaro, 
witli  plnlr.     i'lM. 

POrCHET.  TfieoriL'  Podilivt'  de  L'Ovnlntioii  Snuntniii^  et  de  U 
Ft*cou(lMtioi)  lies  Mnintniltireti  et  ile  I'Ertficce  lliitoiune,  btaii  Mir 
r01x>ervatiQn  tit'  biute  la  Scriu  Aniinale,  .\vtT  un  atlu  de  vingt 
|iliiiirJiea  colorivcs.     Quntio.     Pariii,  18-17.     £\    ISa. 

PRITrilAKIVs  Xiitund  Hblory  c.r"  Animalcule*,  with  Innnirttora  f^r 
prtK-iiring  and  vioning  tliein.     Octavo,  b<U.,  plates.      1^34.     6m.  Cd. 

~ ■Mirraioopic   CabiiiL't,    witli    a    rV«cn|iLiuti    nf  tin;   Jt-wi-l    uiil 

DruUlut  MiMMScope,  Test  ObjiK-ts,  &c.  (X-lavu,  liounit,  lUustnitnl 
frifiu  unjpiiol  (IniwingH  W  thirteen  coloured  platea  aud  nouuroiM 
engravings  on  wood,     1832.     IS*. 

Mii'iMMt>|iii'    niuslmlioiiH  ol"  IJvin^    Object*,   their    N'atiiral 

Ilixtiirv,  &c.  Octavi),  dotli,  with  wfH^lcutA  and  eolourcd  plate*. 
1838.  '  10a.  firf. 

UAMDUUK.  Abhaiidlungeii  ueliiT  die  Verdauungs  Werkztnge  dcr 
luscctoti.     Mit  tliirt;  kupfcrtaf^ln.     Hall«,  1811.     £1  10<. 

RASPAn^  (F.-V.).  Xoiivcau  SjrstJme  dc  Chitnie  Orj»iim<|m\  roiuli*  eur 
de  Noiivdlf*!  Ml-1Jiim1i»  J'Olwwrvatiotis,  preccilc  il'mi  'IViiili'  iimiplri 
«ur  I'An  d'(iljM^rv»T  i.'l  de  inanijiuler  en  jinuiil  el  i-ri  i^til,  dnn-  Its 
L^Ktratoire  el  sur  lopi^rte-chjct  du  Mioi-iLic'ii|ie.  [)euxii'ini-  i-<liiiiitt, 
enti%reineut  reforidut;,  acconip.-i{;Di^  d'tin  ntlaa  i|ium<s  ^  ><np 
planchua  de  6gurea  dMnn&t.-5t  d'npri*^  natun*,  gravL-es  vt  nAntirvs 
avuc  Ic  plmr  grand  soin.  Puris,  1938.  Xnua  tuluiiiGa  octavu,  atUa 
quarto.     £1  10«. 

■  youvcau  Sjitisinede  PhyiiolngieViig^tale  ot  dcBotaiU(|ne,  Umii 

sur  k'!-  Mt'llKxIes  d'OtMcrratiuiid  dii  vcloppce*  tbiDs  k*  Noin cnii  S^unr 
du  Cfaimiu  Orpanique,  acconipaguu  de  uuxaiitc  plonclie*  ccmtenatit 
pn^  dc  tnille  fif^res  d'anidvK«  dcniniks  d'apr^s  naliuv  vi  gravfr* 
avoc  le  plu»  grand  voin.  Parts,  tt^37.  Deux  fori*  volntur*  iM-i«Tft, 
eC  alias  ile  t<obinul«  pluuclies.     £1   tO«. 

Im  tuhuv  Ouvntge,  pluucfavs  ctiloriAji.     £3  10*. 

UOniN  (pb.)     'IViiite  d'Aimtuiuio  GeiicrAle,  Nominic  et  Pallutliigiiiiw, 
chex  rUutnntc  ^t  !<■»  pi-inciniiux  Mamiiiiti:n.-ii  (^IIiMoirv  Ai-*  KU*iu»Bt* 
Aj]atomi<|Ues de»  TUsun  et  flititnlngit^-].     Parvi,  iHj*}.     Dftix  iuIuhms 
uuUto,  avoompagoei  d'un  atliu  de  ijuaranU)  ptancbu  gravvca. 
Soiu  preste. 


Dcs  Veg^tMix  qni  croUBent  mr  rBomiot)   et    Wa  Aal 

Paiia,  1847.    Grand  octavo,  vne  trob  pUacboa  grsvJei.    4*.  OC 

Dii   Mlcruacope  H    d«t   Injertionj   donii  leunt   A  •    k 

rAuatvmie  el  ik  la  Patholoj^  Nuivi  d'une  CliVJuti'-'Atii'  --^m 

foadiuiieatalc*  dc  cello  dc  la  Bfolo^ie  et  de  1' AiialiHuia  cu {MuUculMr. 
Octavo,  avec  plauehes.     Part*,  1N49.     7/. 

KOHEL.  lu-'e^ti-n  Ik'Jii.-ti(rtmjr*'n  (.\miMentenL>  lu»v<.-tuto;n'i"e9).  With 
lliree  liuuilred  ntid  tif\y-MX  col.  plutcn.     Xurvniber^.  J746*61.     £d. 

SCIILEIDEN',  Th«  Plant:  n  IIJu^raphT.  in  a  8«ri<»  of  PmwUt 
Lecturcfl  un  Uutany.  E4iie<i  and  tnuulatcd  by  A.  n>iinst,  r XJi. 
Oetjvo,  with  five  coloured  |iljitcs  and  Ihirlooi  injudcilta<     1&*. 
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SGNEBIER.     EsMU  dur  TArt  a'ubwrver  et  dc  faire  dei  ExpariMMcs. 

Sei'uudc  vditiuii,  CIoK-vt;,  1802.     I5». 

SLAHBEK.  yatuurkuuUiyre  Vcrli»ti]riiigcu  Mi(.-roiKop»e  Woaniee- 
uiin»eii  Voii  In,  trii  (.'illnmlhic  Wii(«r,  en  Lnod,  Dwren.  QuiirtOi 
eightwn  parts,  willi  iijIi»uiv«1  plnt<=-s.  riaartctu,  177H.  8«.  Plattis 
(lyveiileeH  ami  eij^litn-n  are  waiitcU. 

SI'ALLANZANI.  Opiuwules  de  ITiysuiue  Aninudu  et  Vt'g^talc. 
Tlin^e  voJuuit-a  octavo.     I'Arii,  17»".     ISt. 

TREMIJLKY.  Moruoiro*  pour  «emr  k  rHutoir*  d'un  Genre  de 
I'olypes  il'Kati  Dou^'e  k  Itriu  vn  IbniR*  dc  CDnic«.  Quarto,  avec 
{iliuichvs.     Lcitle,  I7i4.     Uj>. 

VAUCHER.  Hiiitoiru  dvs  Coufcrves  d'Eau  Dou(%.  Qujirto  fauit 
pIiuicliM.     GviiL-rc,  1803.     I5#. 

VELPKAU.  EiubryulugRs  um  OvoKt^Iv  Umimtne,  coutenant  I'llittoint 
Dt-'iTiplivt*  tit  Ii.-otHi;i;r:ipliii{U«r  de  I'CEuf  lluinain,  iiccuro|MlgD^  de 
<|tiinM'  nUiiolieit  ainu>nanl  ivnt-dix  figuivs  iJaHUii'cs  et  )itb«graplu£a 
aver  soin,  jmr  A.  CbuKid.     Foliu.  lipin',     Paris,  1H3.1.     £l  At. 

VOGKL  aniL  DAY.  The  Piti Imlojiioil  Anatomy  nf  iFic  Ilutnnn  Bodr. 
Uy.lLTtjuft  VoGEi.,  .M.I).  Translaiod  iVoui  the  fnTiiinii.  with  uAth- 
tionii,  by  Ueoxck  E.  Day,  M.l).,  Pr<tfi-:«!i<'ir  tti  ibu  [Tuiversitv  of  St. 
Amlrew'ii.  lUustruted  with  upwurdi:  of  nun  huodrvd  |ilain  and 
culuuriHl  uii^uviaj;.H.     Octavo,  cloth.      1  Sg. 

WOOD.  Dc  Puris  Niiluni  ntque  l-'ornuition.  With  pUte,  quarto. 
Bu-Iuui,  1837.     -24.  HiL 


THE  NATURAL  IIISTOllY  OF  MAN: 

iruui'mM.Nu  iN(jiiKtE.s  tyni  the  wniiiFi'ps'u  iNjxiEScc  My  rnvsn-.u.  asd 

MillLAL  AUKNC-IK:?  UN  THC  I'lKlKItKNT  nUBE^i  Ut  T11K  lll'U.^N  FAMILY 
By  JAK£S  C0WLE9  PRICHABO,  K.D..  J.K.i.,  KJLLA.. 

giahHi«al.>/n^r*^  f""^-  Mnmtm  tf  tin  Ammtemn  I'lalM^klail iaarimf^  Ae. 

TUtdEdUta.«alu-c«i<>li»i  MKnbMtml  Md  aplMla  DlMniloa^  aacrand  oa Steel  wl H 
bipwrtncxHi^^iMd.  nqralava  tWaitUr  MoadlavluUL    <1  Ite.    LvubM,  tain. 

AJ'I'tSUIX  to  t*e  niwr  •bJ  SKi.1)STt  EHITIONS  of  llie  .VATIKAL  lllimjitr  «P  MAX. 
Itfip  tlVa.  with  n  oolouml  PLtla«,  Mdi  S*.  Oi.     Londun,  IM.l  MMl  IHIB, 

UX  mi»W  BAPIIICAl.  HAI-Sy  m  •  Mmlenwni  to  |tie  Nanml  HMwry  ti  IUb.  ml  m  ih« 
III— uliw  tolft  rtw  PbrolratlllMnrTarNMiklBiL  Mh>  nloiuwd  «MI  om  ikwl  oT  LMV- 
picM,  burail  la  tMb  boardit  M*.    tiooiitid  UldiM.    Unduu.  ISM 
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NATURAL  mSTOKY  OF  THE  MAilMALU. 

By  e.  B.  WAIKBHODBE, 

Tn  Vila.  tvo.  wtlfa  HhutnUIco*  ua  Mrcl  ud  Wood,  wh  VaL  ivL  £\  lU  W  ,  flfllib  <l  ««. 
V4L  I— NAKSII'IAIA.  Vol.  IL -UOI'kNTlA. 


A.   ROSS, 

OPTICIAN, 

2,  FEATIIEnSTONE  BUn^DINGS,  HOLBORN, 

Bgqb  to  rail  the  attention  of  ObserrerB  with  the  Microicopc  to  hit 
improvfid  Instruments,  a  Catalogue  of  which  may  be  h*il  upon  i^i- 
plicntiuii. 

Among  Ibe  viurious  sdvanccnienti  A.  IL  has  cir«ctotl  i«  tl>e  extrvup 
vnlaiyi^uieDt  of  the  aprrture  of  the  Micifisconf  Out(.T  Glass,  whttrh  » 
Aa  n:al  cfTuol ire  improvement ;  aL^u  uti  Achn3nioli<"  Condcni*i*r  of  Lifffat  for 
the  Microscope,  ou  s  iiuw  eomhinutton  uf  priht-ijilM,  fur  the  illmmnaliua 
of  tnuuparent  objects,  ndnptcd  fur  nta,  with  th<.<  soverat  Object  GlnsacM 
from  }  an  inch  to  t*,  of  an  inch  focal  length  im-liuiivo. 

The  object  of  this  arran^mcnt  is  to  (ler^lop  the  defioinff  power*  of 
Object  Glagfet,  and.  b_v  a  pi.'culiar  adjiutniont,  to  adapt  the  illumination 
to  the  nature  of  the  objcrM  and  to  the  mode  of  mounting,  whotlier  drv  ur 
in  fluid,  or  in  Canada  nalsam,  no  as  to  admit  a  (greater  (]uantitr  of  llgbt 
with  1^  Kl>re>  '^^  to  cotuiequenci^  to  gire  a  more  distinct  image  with  ms 
futile  to  the  eye.  The  Microscope  Stand,  or  mechanical  pvt,  hai  alio 
btwn  arranged  to  ciuure  firoudom  iVom  tremor  and  afford  fiuilil^  in  uat. 

A.  K.  alao  begs  to  annrrunrc,  that  from  a  laboriimii  practii-al  Inrcvti- 
gation  of  the  coiutructinn  and  nianufnrtiirc  of  the  Aciiromatic  Astro* 
itumical  Telescope,  br  ba»  nrrniii|;cd  a  new  process  for  their  nroductiun 
nhicli  LtiFiircs  (he  iK'rfcc'iioii  of  lliat  iuijx^trtaut  instituncBt ;  auo,  thai  io 
Terrestrial  and  NavAl  TeWcopes,  iJio  contact  mrfiu'o*  of  the  Olwci 
UloaMS  arc  united  by  a  pemiAnentlr  transparent  nnucnt,  which  obnrtala* 
the  lom  of  light  bv  reflections,  and  prereutii  that  dccoiapOHtion  nf  tko 
ghuH  wbicii  gcni^raily  occun  in  Marine  Teleacopes. 

^nce  the  inrcntion  of  tbo«e  nroopectirely  usefiil  artA,  llic  Cnlutype  and 
the  DaguetTcot^iie,  A.  H.  luu  mvestigalcd  the  forms  of  lenm-n  umxaaary 
to  give  jtut  reprcscotatJoo*  of  objocta,  and  hti  sui-cci-ded  ui  giving  grvmt 
intCDffity  to  the  iinags  vilh  6ae  aihI  correct  d^linitioD.  both  at  the  tvutn; 
and  margin  of  the  picture;  abo  the  viguil  ood  cbemkallj  aeliug  fud  w 
made  to  coincide 

A.  K.'»  Binncalar  Reading  Glass  prcvcnbt  the  fWi^ins  muacalar  vjier- 
tiun  of  the  eye*  attendant  on  the  uw  of  Spoctaclea  of  the  iinlitiarv  eoo- 
Htructioo,  and  preacrrua  the  ey<5s  in  ropOH  during  [milracted  tpftiea/Oou. 


AITftONOfMICAL   AND   SURVEVINO   INSTRUM&VTS. 
BAUOMRTEKJl,  HVtiR0METEU8.  TUfiRMOMETKBS,  &«.,  k€. 


CORXELIUS  POULTON, 

Urtflarrr  of  ©bims  for  ff)c  iHirrosropr, 

SOUTHKRN  HILL,  READING, 
BERKS. 


A  MST  OF 

ACHROMATIC    MICBOSCOPES   &  APPARATUS. 


J.   B.   DANCER, 

©ptinaii* 
No.  43,  CKOSS  STREET,  MAXCIIESTER. 

Lecture  Tabic  Micni««'0|jeft,  witli  llwk  sdjuintnniil!!,  1  eyc-piure, 
largo  apcfftun-,  1  im-h  (or  J  inrh  paw«;r),  iilain  luiil  r<in«*avf 
mirrors^  vitli  Japvine<l  iron  pillar  and  Inpod,   froin...  . . .  X4  10    0 

Ditto,  ditto,  with  hnui.4  pitlar  and  tripod. 5    S     0 

Sirfilp  Microscopes,  from ,,     S     3     0 

An  ttuproTcd  Mjcntscope  with  doublujuillars  and  axin  to  incline 
tbi-  instrument  iu  any  nn^lu,  sliiliii;:  t^tujfc,  rack  motion, 
Aitd  liiK>  ailJuHlnK-cil  lor  tliu  powcrf,  I  eyv>inecc,  large 
1  ini'li  and  ^  im-li  (or  ^  iiii'li)  |Miwcrs,  in  bmu  boxes,  glw* 
c-ond^ij^or,  wlili  Joiut(->d  MupjNin  »ml  nLiiml^  Aquatir  or 
live  olkjoct  box,  lorcc-pj,  pl)i_-rs,  ktiift*  pf^iiit  and  hrtuiB  ke^r^ 
neotlr  pocked  in  on  upright  polishtHl  miihdgan]'  caw,  with 

A  drawer 10  10     0 

A  lar;;cr  p'izv  MlcroiM.-up*.''  witb  double  [HUary.  lUiding  tube  in 
tlif  lio4|y,  lony  range  of  rack  inovciuctil  with  two  milled 
hi-iubi,  with  apparatus  and  ease  similar  to  the  above  la* 
fllrutui*nl  13  12     0 

The  following;  njiparatus  c«D  be  aappUed  to  tbe  ibove  Mknwoopcc  : 

Exrrs  eyc-piccuH  Irom  1-U.  to, i,,  0  13  0 

Cittartur-inch  power  objtvt  glaae 2  10  0 

One-eighth -im-li           ditto        froto  £3.  S*. 4  4  0 

StJLflo  moTcincnl  with  adjusting  screws 3  3  0 

Polariztnjiprisiitii  (mounted)  £9.  Sv ., 'i  10  0 

Afhromalic  coitdenwr 3  3  0 

Cauiom  I.ucida  (in  box) ,.,,... 1  1  0 

Arljiuitablf^  compn»«or 1  1  0 

Mit^mmcteni  for  cyc-pieco  (in  box)   4.*. 0  t)  0 

Dittu          for  sia^eT  from  5*.  to 0  10  0 

Mahogany  case  with  !iix  ndilitional  drawers,  fVom  -CI.  !«■  to  1  j  0 
The  largest  nixed  instrument,  including  ull  the  aIhivp  appar- 

lalua,  packed  iu  a  rnaliogany  caMnpt  with  scTen  dmwvre  40  0  0 

J.T.  NORMAN. 

PREPARER  OF  SFECIHENS  FOR  THE  KICR08C0PE. 

10,  FoirNTAJN  ruxcK,  crry  road. 

(XmrtAe  Tall  Gatr.) 

J.  T.  N.  takoa  Uie  pRaent  oppor1uDil7  of  inTonulQi;  GuitlMUMt  enm^red  In 
MicroKcaplcal  IairMtlgatuMui,aiul  OptieUiia,tkalbepie|mr««iaM  Kindi>ori>l>jcela 
tn  illnttrate  the  variwu  Bianehe*  of  Nattnal  Seteace,  and  hw  aUayi  a  Urge 
A«aortm«Bt  of  tha  follovinf  SpedDMUi  on  hand. 

Reoeuland  Fotail  loniaoria. 

Vcgotable  and  Animal  Tmoo^ 

Bftteala  of  Spdnfpai,  Ooti^nia,  Bw. 

l^jetrtiooa  of  mioija  AnimaU. 

Twt  Oljeeti. 

tTrinitrjr  UcpoulA  and  ObjMtJi  far  the  Polariwima. 
Olat*  8)i|».  Cells,  &e..  wbolcwle  and  reUil.    built  Ctllt  Biaditoomler. 


DISSOLVING    VIEWS. 

AKUSEKBN'T  and  INSTRTCTrON  I.t  dicum  of  OKRrEVTKE  ft 
WESTLEVS  improved  IMIANTASMAC.iiKrA  LASTEKNS  irith  Uw 
CnROMATROPK  anrt  mSSOI.VINO  VIEWS,  nn.!  every  v.w.l.Ie  v»rirt>  of 
81iden^  including  >'atunl  HUtor,v.  Comic,  Lever,  Moveat>lo  bdiI  Ilain. 
Aittronomi«al,  Viewii  iti  tite  Tloljr  Ijand,  S(!ri]jtural,  rortniU,  ke.  Xo.  1 
LduaUm  with  Arguid  l^imTi,  in  n  Box,  'ZL  \2j.  &tl.  No.  2  ditto,  of  b  btitr 
siw,  41.  I4«.  iW.  A  fMir  orJAieaolvUiK-Viow  Luitems,  No.  S,  with  AppuMiM, 
11/.  11«.  The  t^nipfor  iha  Xo.  :i  LMitorn.1  is  very  superior.  (The  ptte*  af  tfa* 
IiOalenu  in  wiibuul  nUdcn.) 

ImU  of  iIm:  ^li>U-r*  imd  rricm  u[Min  ftfipllcatinn  In  Ibo  MAiuiflMlttNnw 
Mmuk  CABrENTEU  A:  WUSTLEY,  Opticians,  H.  UoRoat-oUeM.  Wiliito»- 
phcs,  LondoB. 

TTETTS 
mJECTia)  MICROSCOPIC  PKEFABATI017S 

For  wMicM  the    Piu/k  MtUAi,  irw«  utranled  ui  tMr  "  Gut\t 
EuiiomoM,  IS5I." 

Mr.  IfETT.  M.R.C.S.,  be^s  to  itirnrm  tneilirft]  pcntlemvn  &nd  nlWri 
engiwwl  in  microiM-ojiical  rcMun^buy.  tlmt  lie  bwi  Tor  mIc  n  varirly  of 
itpecimcui!  of  tbumosl.  Ucauliful  umJ  iJcrlLirl  injections  of  variinu  parU  at 
tiif  huinitn  hn(\y,  fuu)  utbcr  oliL-Nses  ol'  luuinuls. 

Mr.  UT.TT  ulsi> {ir«[)iirea  every  varipty  of  mirr<>M*optt  Attjecl  required 
In  illuHtnilu  tbf  luctFL'  important  and  lutensalinfi  fart*  of  minutf  AiM«my 
and  t')iv»it.)t<:*^,  and  mch  VMhitlif;'Kt.l  specunviu  a»  admit  nf  b#ing 
moiinUfl  as  iH^muuipnl  nhjrctx. 

Pnriitu  ri9uVrn|>  nt  n  iliotttiirc  from  Lrmtliui   niitr  fanvc  «  Ixtx  nf  jn* 
parntioiiK  «i7nt  r>r  iiujKi'tinii.  <in  civiiig  n  rMiKi'tatili:  luwa  rufirreoec 
[taymg  mrriagc  iWA  uvi^fji,-  Uy  tnli  tnttan*  they  are  enabled  lo 
tbe  oljjorUt  tMifora  {lurrbudng.  ami  to  ^l<*ct  tocli  ipocinMSM  oatg  am 
-'WO  ;  tiiriM  cbiar  dayi  being  nllnwofl  for  tlit'  [mr[ifm<. 

34,  BRIDGE  STBKKT,  SOUTUWARK. 
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H.  B.  htt»  to  nnMnmc*  thai  ke  ha*  openrd  a»  ntoAlutateitJ  at  Utt  «A»e«  aiirtm,/kr  lAttnUaf  Frtmdt, 
«miMa  ■«!  KngUtk  ITonfea  in  U«  MrtiiM  iltp*rlmtt^4  i^  SrinM  (dmalomp,  MMtdM*.  CUmMrf, 
Kotur^t  Bittorp,  ^.).  a  wM  Mtac<«tf  afa«*  «r  MtacA  A«  now  ^era  f*  fJW  StttuMt  fwMe.  0<rtu 
tj^rwtf  AM  Artfw MrroffNMdMM*  iriU  fAr prm^ptf  piMitMmg  hmum  «/  Kitr»pr,  mrnim*^  wftmtMtmtmh 
to  rKwtM  WMitV  «MM,  A*  MM  WMrflrrf a**  to  nrrult  CamniKfani  /or  >//  B»a>te  JW  mni  m4  •■>»  M  Xirtt 
«<M  M«  rrMfart  jmaWUMfr.  ^M  /Ar  rri-M-A,  G«nu>  and  KnglUk  JavrmaU  m^PfMlemU  mifplkd 
■rfU  IXegrtrntttl  mgiJmrtlg.  H.  B.  Aim  »Um  tXe  plttmrt  f«  aa*Mii*r«  r*af  *«  Aa»  n«<«  ■>rMj«wfW» 
vUA   M.  CkarHfr,   tkt  ettfhrttlf^  iiutnmtnt  M«hr  «"  Purv.  for  <A«  n{n><F  </  ^'  '""^  4^  $Nry<c«t 

At  ih«  PhcM  Id  H.  B.'ii  CnUlofuca  an  extanded  IB  Ftotrlga  CntTCBctM,  tlM  fcUowliiB  nla*  have  (iritk 
ft  f*w  MctpUoiia)  bMB  rMsbitobed : 
*■■  vftjcHoii  r«A9tc,  11  oanT).   tkb  xMottaw  «vi(.tiwa,  90  rawTt.    tsb  caaitAit  aaLLAs,  100  iSHVS. 

OK  na  riauiHi*  kkk. 
H.  B.  ha*  thUTwtiwd  thai,  la  tlt«  caae  of  thoatf  Hook*  IMUUImI  br  »l'">  ■'■^  *hkl>  bare  bMa  r«pfiBl«< 
br  wtll  Ai  th«  |wk«  at  aucb  ■  ratr  u  M  Iniura  tb*  |>re{rmitc  lu  \ht  i>rl(lMl  aOIUwoa. 
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Blakoy  (E.)  Hi«Iory  of  X-ogictl  Sciracc  from  Ibc  EwlWt  Times  to  the  PtcmdI 
Day,  by  Ilub«r1  Blakcy.  Profntor  of  Lo^c  and  M«Uphfaia,  Qiieeu't  College, 
Bdf^.  Auttior  of  the  lliator?  of  \ix  PUJowpbjr  of  Mind,  in  I  \ol-  demy  Dvo. 

BoUBBtneaolt.  Rural  Bconaniy;  in  iU  BcUtionft  witb  CheiniitTy.  I'bytK*, 
itnil  Mcicorology.  l&y  J.  I).  Botusingiult,  Member  of  tbe  ImtituLc  of 
Friini,'«.  2nd  Edition,  «ilh  Notes,  carefully  rcviked  and  comcted, 
1  vol.  firo.  cloth  )KMr<l«,  Irfiiidon,  1B4&  .  .  .  • 

BreWBter  (Sir  Davidl.  Tbe  Natural  History  of  Cmlion,  in  I  toL 
royal  ttro.     Illiutraie<1  \«ith  Engravings  and  Woodcuts,     /m  thtpmi. 

CampbOll.  A  I'raciLnil  Test-Book  of  Inorganic  C)i(.-nii«try,  inclmUng  tb« 
PrrparatioDi  of  Substancei,  and  ihdr  QualiUtivo  and  Quantitative  Analywa, 
nilh  Drganir  AnalyMi.  By  Oagald  Campbell,  UrmonMrBtor  of  Practical 
Cticmiitry  to  the  UiuTernty  ColkgeL    12mo.  Loudon,  1B49 

Chapmaa.  a  Itrirf  Dcscriptioa  of  the  Charaeten  of  Minernl^;  forming  a 
familiar  Introduction  to  tb<!  Scwnce  of  Mineralogy.  By  Edward  }.  Chapnwau 
1  vol.  l2mo.  with  3  platci,  Loudon,  \fHi        ...  - 

Practical  Mineralogy;  or,  a  Compendium  of  tbe  distingulahinf  Cha* 

rnrtcn  of  Mincraii :  by  whicb  llic  Name  of  any  Species  or  Varietji  ia  the 
Mineral  Kingdom  may  be  apcedily  aieertained.  By  Bdwant  J.  Chapman.  8vo. 
illuHtrated  with  13  engraviags.  showing  S'O  «pecinions,  l^tido»,  lfl4.^ 

Chomical  Society  (Quarterly  Journal  of  thej.  2  trf*.  8«>.  London, 

ltt4«— <9  ....... 

Vol.  III.,  Paru  1,  2,  and  3.  Publitbed  Qtuvtcriy.    Eadt 

Cook.     Iliitorieal  Notta  on  the  Dboorery  and  Pnyrtaaive  lapramueata  of  lb* 

Sti-am  Engine;  with  Refereneea  and  DeaaiplMm  to  acconpcny  the  Plaica 

of  the  American  coudeniiog  Steam  Engine  for    Itiver  Bot^     ISmo.  and 

a  large  fol.  plate  on  a  roller  and  oanraa.  New  York,  1840  • 

Dumas  and  Boussingault.    The  Cheniical  and  Physiolofpral  Balaaoc  of 

Oigaitiir  Nature  i  au  tiuy.     By  J.  Dnnuui  and  J.  D.  Uouwingaull.  Memben 

of  Ibc  loititute  of  France.  1  vqj.  l2mo.  London.  1841 
Fau.    The  Anatomy  of  the  Bxtemal  Parma  of  Man  (far  Aftiita).     EdH«d  by 

R.  Koox.  M.D.,  with  Addition!.   BvD.  and  28  4to.  plales.     IRi9.     Plain 
■  -  Cttluured  .  .  .  ■  - 

-  -  The  Teil  separately  wilb  the  four  addttiooal  Plalea,  for  Penoiu 

poiicMing  the  FMnch  edltiua.    Plain  .  .  •  - 

Coloured  ..... 
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•TANBAKB  RCIBNTiriC  WOMKS. 


Gordon  (Zj.)    TrolUe  on  tbe  Slusm  Biigtnc,  ud  oa  tbe  Motive  Pairer  of 
Hril,  with  ereiy  improvrmpnt  to  llir  pn^iwnt  Amj.     Bj  L.  Gordon,  Profi 
of  Engineering  lq  ttte   Uai^-crsily  of  Glugow.  8to.  Uliutntod  wilb  Wood 
Eagrarlngt  anil  Sl«d  PUu-i.     /«  theprtm. 

■-  A  Srnopsia  of  Lectarc«  on  Ctril  Engineering  end  Mechsnics.   4to. 

Undon,  I»4<l   ....... 

Gordon  and  liiddell.  ExT>otitioo  of  a  PUn  for  the  Mctrapolitu  ^'aUr 
Su|i|ily.  »h(miiig  Hint  the  Tliampft  at  Mb{iIo- Durham  »  the  nu>«t  ttigihla 
Hurce  rroiD  irhicb  a  tappljr  of  pure  soCt  water  can  be  brouftht  for  the  inha- 
bilanl*  of  I^tuloii  and  tl9  suburb*,     Hto.     London,  1849 

Oraham.  Elements  of  Chemisirr ;  including  the  Application  of  the  ScieoM  in 
ihe  Art«.  By  T.  Graham.  K'.R.S.  I.,  k  V,,,  VroicMox  o(  Chemistry  at  Uni- 
TcrsLty  Coltegc  London.  2nd  Edition,  entirely  revised  and  greatly  enlarged, 
eopiatnl)'  illuBtrnted  with  Woodcut*,  toI.  1. 1850 

Part  IV. 

Humboldt.  Koimm :  a  General  Surrey  of  the  Phrsical  Phraomena  of  tlte 
Universe.  \Sy  Baron  A.  Humboldt.  The  original  BngUsh  EdtUoo,  2  vols,  poit 
8vo.     London.  1848         . 

Vol.  II.  leparately,  1848        ..... 

Keemts.     A  Complete  Ourjc  of  Meteoroloyy.      By  L.  P.  Kumiti,  Professor  of 

Physics  at  the  University  of  Halle.  With  Notea  by  Ch.  l^Iartim,  and  an 
Appendix  by  U  Lalannc.  Tran^lnted.  with  Additions,  by  C.  V.  Walker. 
1  to),  post  Rro.  pp.  r.24,  with  15  Ptotes.  doth  boards.  184S 

Enapp.  CbcminI  Tecbnolo^,  or  Clieioistry  applie'i  lo  the  Arts  and  to 
Haatifarturei.  By  F.  Kuapp,  Professor  at  the  ViiiTersity  of  Oieaicn. 
Edited,  with  nunierous  Additions,  by  Dk.  R.  Roxalds,  ProfcMor  of  Cbe- 
mtstry  al  the  Royal  College,  Galway;  and  Da.  TnouAS  Richabdson,  of 
Newca-slle-on-Tync  lUtutrated  with  600  large  Woodcuts,  3  ■kcAa.  Bro. 
London,  1848— lA.'iO        ...... 

Vol.  III.  separately  ..... 

Enlpe.     Gealngieal  Map  of  the  Driti»h  Isles;  in  acau.     London,  1848 

Leon  (John  A.)  Tlic  Art  of  Manufacturing  and  Befioing  Sugar,  including 
the  Msmifacture  and  Rcvii-iScfttiou  nf  Animu  Charcoal.  With  an  Atlas  of  14 
Plates,  illustrative  of  the  Machinery  and  Building,  (^rgc  folio.  London.  1850 

Iiiobi^.  Chemistry  ind  Physics,  in  reluliun  to  Physiology  and  Pathulugi*.  By 
Daron  Juittu  Ucbig,  Professor  of  Chemistry  at  the  University  of  Gicascn.  2nd 
Hiiition.  8t'o.  London,  1^47  ..... 

Mansfield.     Beuiolc;  its  Nature  and  Utility.  8fo.  London,  1849     . 

MitchoU  (J.)  Manual  of  Prnctical  Assaying,  intended  fnr  the  uite  of 
Mctallofgista,  Captains  of  Mines  and  Assaycrs  !n  General.  M'iih  a  copious 
Table,  for  thp  purpose  of  aM:^rtiuning  in  Assays  of  CoW  and  Silver  the  jircciBe 
amount,  in  Dunces,  Peunyweights,  and  Grains,  of  noble  Metal  eontainod  in 
one  ton  of  Dre  from  a  giTcn  quantity.     1  vol.  post  8vo.     London.  18<6 

Treatise  on  the  Adulterations  of  Food,  and  the  Chcniica]  Means  em- 
ployed to  delect  thein.  Qonlainiiig  Water,  Flour,  Ureail.  Milk.  Crwim,  Ucer, 
Cider,  Winn>,  Spirituous  Liquors,  ColTee,  Tea,  Clioenlate,  Sugar,  Honey, 
I.n7engc»,  Cheese.  Vinegar,  Pickles,  Anchovy  Sauce  and  Paste,  Cat»up.  Olive 
(Salad)  Dd,  TVpiier,  MitstATfl.     12nio.  I^ndon,  1848      . 

Muilor.  Principles  of  Physics  and  kleteorology.  By  J.  Muller,  M  J).  lUustnited 
with  MO  Wood<*uts,  and  ■£  cwlourcd  Plates,  8ro.  IjOIuIoh,  184? 

NiclloL  Astronomy  Ilhtoricallyand  Sdcntilicallydevclupcil,  showing  the  Rise  of 
the  Science  fmui  its  Gmwili,  uml  ihr  Cliiiriurler  nf  tlie  illustrionK  .Men  who  have 
contributed  to  it.  By  J.  P.  Nichal,  Professor  of  Astronomy  in  (he  University 
of  Glasgow.  2  vols.  8vo.  liliuitratcd  by  Plates  and  Woo<lcuts.  /«  the 
pren. 

Our  Planetary  System,  its  Order  and  Physical  Structure-  12ino.  With 

WmxI-cTiti.     London,  1850  ..... 

Vievrs  of  tlu^  GriuidcrKcvolutions  of  our  Globe.  I2mo.  With  Woodcuts. 
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London.  1850  .  .  .  , 
The  Arrsngemcnl  of  the   Fixed  Stan. 


12mo.    With  Platev.     /«  lie 


tttti»atirt«  nailltere's  r«littc»n«iis. 


•TATTDAKD  IICIENTiriC  WOBKB. 


Qu6kett(J.)  PnctinI  Tmliac  on  ibc  U»e  of  Dm:  UicroKOpe.  Ilhutntcd 
witli  S(eel  liut  Woinl  EDRraringB,  9va.  Lmndon,  1846      .  . 

' — = A  few  «^nc9,  wiib  llic  plites  coloured     . 

— ^^^  rnclicfti  TrcaUsp  on  Minute  Injection,  uiA  ihe  ApplicoUoa  of  the 
MicroK-opctu  Diwued  Stnictnrc.  8to.  Illusinitcd  with  Enured  Plates  uid 
Woodcuts,      /k  r/u^  pretM. 

Roguault.  An  Klcmcntary  Trvatbe  on  Crsrttallogniphy,  lUiutntcd  with  lOB 
VVooi]  Engravings,  |jruilM  on  bl&ck  ^muutL    8vo.  umdou,  1848  . 

Beichenbaoh  iBaron  Oharles).  PIi;Kico.pbriiologk«)BeMarcbetoD  the 
l)v[iBaiiL-»>  of  Magiie(i<tu,  blt^ctririt},  ilt;ai,  Light)  Crystallizatiim,  anil 
Chcini»ra,  in  their  Kelationi  lo  Vital  Force.  The  complete  Work  from  the 
(iL-riiiiiu  Second  Eililiuii,  with  Adililtons,  a  PiWace  and  Critural  Note*,  by  Jons 
A!.HtiiikVEK,  M.D.    Svo.   With  WoodctilK  and  One  Plate.    London,  IB&O  . 

mohardSOn.  Geoliigy  for  Beginners;  oompriilng  a  PamUiar  Expoaitton  of 
the  Klcntcnti  of  Geology  and  iu  Ai»ocin«  Sriencea.  MInffnkigy.  roaall  Con- 
clluhI^^,  Koshil  llolaiiy,  and  Polcnatolofy.  By  0.  P.  Kiehanbon,  K.0.9.  Snd 
Edition,  post  tJTo.  wiTl)  2&I  Woodcola.  1M3    .... 

BiOhardson  and  BODalds.  Meiallui^ ;  and  the  Chemistry  of  the  Metala. 
In  3  vdIr.  Svo.     Illiittmed  witli  numeroni  Wood  Engraringl.     /n  tht  prmt. 

Stars  and  tho  Earth.  The  Siant  and  ibc  Earth;  vr,  Tboagbl*  iipoo  Space. 
Titnc,  oi^il  Ciemity.  4ih  Edition,  Eighth  thousand,  S  nurU  in  1,  ISbm. 
I.utidnn,  IHIiO  ....... 

Stephens.  Mafluil  of  Practical  DniniJig.  3rd  Edition,  wiili  Woodcnta.  Bra. 
KdiiiburgI],  IH<8  ...... 

Thomson.  Chemiatry  of  Organic  Bodiea— VegdaMet.  By  Thomaa  Thomfon, 
M.D.  K.R.$.  L.  &  E.,  Rcgiiu  Prvfeuor  of  Clieniivtry  in  the  Unireralty  of 
GtaggwK',  Corraapoiiiling  Meiubcr  of  llw  Royal  Academy  uf  Paria.  1  Ui^ 
vol,  8vo.  jfp.  1 092,  (ward*.  London.  IW8        .... 

Ilciit  an<l  Electricity.    2nd  Edition,  I  to\.  8va    Illustrated  with  Wood- 

cuti.  London.  11439  ...... 

Cbemislnr  of  Anitoal  DodiM.    Kva.  Edinhurgh.  1^13 

Thomson  (R.  D.)  Itritiih  Annual  aw)  Bpitonie  of  llie  Pmgreai  of  Sdeooe.  By 
K.  n.  Thomion,  AuiMant  Profe»or  ID  the  Unnenity  of  Glasgow.  S  tola. 
IBmo.  doth  board*,  lettered,  each   ..... 

FinI    Year,    1837. 
Contains  numeroua  Practical  Tablet  of  Weights,  IblcaaurM,  and  Coins.  Tlie  Popular 
Papers  arc  by  the  Rev.  E).  Powell :  C.  TomUnwn.  Ex]. ;  W.  8.  B.  Woolhouae, 
Baq.  i  T.  S.  Danea,  Enq. ;  K.  D.  TboiuMu,  M.D. 

Strmd  Ynr,  1838. 
Tho  Popular  Papers  are  by  T.  Thomaott,  M.D.,  Rrgiui  Profeator  of  Cbrnibtry  In 
the  Uaivcrwty  of  Glasgnw ;  R.  E.  Grant,  M.D..  Profeaaor  of  Coni|«rUhc 
Anatomy  in  Ibe  Univrmity  ro11f>gi!,  I^undnv ;  It.  D.  Thomada,  M.D.|  t.ife  of 
Janes  Watt,  LUuatnted  with  a  Punrait ;  11.  II.  L«wb,  Bh|. 

T/iirJ  Yfar,  1839. 
Tbe  Popular  Papers  tn  by  J.  S.  Ruaaell,  Esq. ;  ProfesMtr  B.  E.  Grant ;  11.  Gander. 

Esq.;  R.  D.  Thomson,  M.D. 
Wieabaoh  (.J.)     Prindpln  of  the  Mechanics  of  Madtdnery  and  Engittccring. 

2  it)U.  8vo.  lUnstratnl  willi  200  Wood  Engravings,  London.  1848  . 

Vol  II.  jcparttdy    ,  .  .  .  . 
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^niitomj?,  Atrtiicinr,  Jburgrr^t,  aiilr  fintunnl  Pfttfiorfi. 

Ashbumer.  OnDenliiionand«ooiDCoiacldcnt  Ubordcn.  18mo.  London,  IflM    0    4 

Canton  (A.)  A  Shnrt  Ticatiteon  the  Te«tli,  l2ino.  with  Woodnnits.  tnthtpnm. 

Oourtenay.     Patholory  and  Rational  Treatineiit  of  Slriclnrc  and  Drrtbra  in 

all  iu  VarietipK  and  Coniplicaltona,  with  Obitfrvatiotu  on  the  Umi  and  Abttaa 

of   Urvtbrel   Inilrumenlt.      The  whole  ilhi*lr»ied  l«  auiDcrmu  Case*.      By 

F.  B.  CouHTRHAT.  M.K.C.S.,  Xe.     4th  Edition,  tfvo.  Londo«,  lti48  .     0     &  U 
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ATANOABn  BCIENTirir  WSBKS. 


Conrtenay.  A  Few  Wonts  on  PnlQeal  Sectloo,  u  nwmxotnAtd  by  Pto- 
fcaHT  Syiup,  fur  Ihf  Cure  of  Stricture  of  thr  Urrthrm.     Svo.  Loofton,  1850  . 

■  Prutiul  ObscrralioDs  on  the  Cbronk  EaUrgement   of  the  Prostate 

Olind  in  Old  People:  with  iloAe  of  Trcstanetit.  Hf  Prancu  B.  Courtcnaj, 
8to.  vnth  iiumfrouK  Cuu  uxA  PUtes,  bovds,  Loodoo,  1B39 

Cruveilhier  and  Bonamy.  Atlu  of  tlie  Descriptive  Anatotoj  of  the 
lIuiuAD  Biidy.  By  J.  CniTcilluet,  IVofeuor  of  Aoktomy  to  the  P&cnltj  of 
Medicine,  Fsrit.  With  ExpUmilions  by  C.  BonamT.  Containiuff  82  Platct 
of  Osteology,  Syndeoiolog)-,  ind  Myology,    ^to.  Irf)n4cD,  ld44.     PUia 

Coloored ..... 

DuUKUbOH.  A  Dictionw7  of  MtJical  ScicacA,  contaiiilos  •  Coocke  Aecooot 
of  the  Tiriou*  Sul>jecu  ind  Ternu,  vnth  tbe  Prendi  uid  otber  Synonytnea, 
Notioei  of  Climatic  ami  of  oelebnted  Mineral  Water*,  au«l  FonnulK  for  varioua 
offidnal  and  empirical  prepantiona.  By  Robley  Om^UaoD,  M.D.  Sixth 
£itilivn,  grrally  ealarged,  l^vo.     Pliiladc^liiliia,  \»^6 

Bberle.  A  Treaiifra  on  the  Dtaeues  and  Physical  EdocatioB  of  Childits,  bj 
Jubu  Eberle,  M.D.     Tbinl  Bdilion,  8vo.  Philadelphia,  IStS 

Fail.  Tbe  Anatomy  of  the  Exlemal  Forms  of  Man  (for  Artiits).  Edited  hj 
K.  KiwK,  M.D.,  with  Addiiiont.  8vo.  Text,  and  'iti  4lo.  PLatea.  I^oihIoh. 
18*9.    Plain    ....... 

■ —  Ciiloured  ...... 

G«rbor  and  Gulliver.  Element*  of  the  General  and  Mimte  Anatomy  of 
Man  and  the  Maiumalia;  chleHy  after  Original  Re»eaiclie«.  By  Prafinaor 
Gerber.  To  which  i>  added  an  AppendJi,  cotnpriting  Hewarcbea  oa  tbe 
Anatomy  of  the  Blood.  Chyle,  Lymph,  Tliymous  Floid,  Tubercle,  and  Addi- 
lioos,  br  C.  OuUivcr,  F.U.S.  In  1  rol.  8vd.  Tcit.  and  an  Atlai  of  34  Flatea, 
engniTed  hy  1..  Aldoui.     2  volt.     8vo.     Cloth  hoardi,  \9-i2 

Grant.  Clencral  YiewofthcUiBtributionofEslinctjVniiuala.  By  Koberl  B.  Grant, 
M.D.,  F.R.S.  L.  &  E.,  ProfeMor  of  Comparative  Anatomy  at  tlut  UmTenily 
College,  I^ndon.     In  the  "  Hritish  Annnal,"   1839.     IHmo.   London.  I H39  . 

On  the  Principles  of  ClauificatioD,  a«  applied  to  tbe  Primary  Diriakuik 

of  the  Animal  Kingdom.  In  Ibe  "  UntUb  Anoaal,"  1838.  IBmo.  lllurtratcd 
vitli  2H  WoodciilK,  London,  183B  ..... 
Ootlineaaf  Comparative  Anatomy.  8to.  Ulnitrsted  vUbl48  Woodcoti. 


boarda,  London,  )«33— 41 
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Qr0a8«  Klcmeots  of  FalhologiciJ  .\nutom>-.  lUtntnted  by  oohnirtd  Engravinga 
and  250  Woodcuu.  by  Samuel  D.  Grou,  M.D.,  Profeuor  of  Surgery  in  tbe 
Medical  Institute  of  Loiiisnllc.    Second  cdiUoa,  8to.    Philadelphia,  184&     . 

Hall  (MarBhall).    Ou  i}>c  Di&r&sGa  aod  Derangenenta  of  the  Namaa  Syitcm, 
in  tlkeir  Priiuary  Formi,  and  in  their  modllcitioiu  by  Age,  8ci,  Cemlhallecw 
Mcreditary  Pre^pokition,  Esreuci,  General  Diiorder  and  Organic  DiteaM. 
By  MartbaU  Hall.  M.D.,  F.R.S.  L.  &  £.    Svo.  with  8  engnved  I'lato.    Lon- 
don, 1841         ....... 

T%e/othwinff  a»  <m  ^ypautir  to  tht  ntoee  fForL 

On  Ibe  Mutual  Rclatioiia  between   Anaiomy,  Phynology,  Fstbcdogy. 

ThcTapencics.  and  the  Practice  of  Medicine;  being  the  Gidatoaiaa  Leeturt* 
fur  1812.     evo.  with  2  Coloured  E*lal«s  and  1  Plain.     London,  1M3 

New  Memoir  on  Ab  Nernnu  SjHem,   true  Spinal  Marrow,  and  ila 

Anatomy,  Phvsiology,  Patbologja  and  TUeru|)euli«.  4lo.  with  5  cagtanti 
Platei.  London,  1843      ...... 

Hfltflftl  The  MicnMeopie  Anatomy  of  tlie  Human  Body  m  Health  and 
Diaeaae.  Hlmtralod  with  iipn-ard<i  of  400  Original  Drawingi,  Buay  of  them 
L-olmircd,  2  tols.  ttvo.    Lomlun,  IH&O  .... 

HenriqUOS.  Etiological,  pBthoIogieal  and  Therapeutical  Reflecttina  en  the 
Aiiatic  Cholera,  as  obtcrved  in  Europe,  Atia  Minor,  and  Egypt.  Bro.  Londoa, 
1849  ....... 

Hufoland.  Manual  of  tbe  Pnciice  of  Medidne  \  the  ramtt  of  Fifty  Tom* 
Eiperiencr.  By  W.  C.  Hufcland.  PhjHicun  to  the  brie  KtUR  of  Pnii^ 
ProfeMOT  In  the  t'ohrentty  of  Berlin.  Traiulaled  from  tbe  SLttb  Oervtan 
UUion,  hy  C.  Braebhau»en  ami  K.  Nebon.   Hvo.  bound.     Lomlm,  IH44 
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STANDABD  SCIBHTIFIC   W^BKH. 


tTonOB  (W.)  Aa  Bn«^  oo  loaie  of  the  mott  Iraportant  UtMuca  oC  Wooea. 
«itb  a  DncriplUm  of  a  Novel  Invention  fur  ibdr  Treatment  mti  Relief. 
Second  Kdition.    9vo.    London,  IBMt  .  .0 

Practical  Olitervaiions  on  tlic  Dueasc*  of  Woniea,  tliowiiig  (be  aeeeuHjr 

of  Phytica]  EuunLnation,  and  the  U»e  and  AiipUnatioo  of  tlie  Speculum. 
Illurtnted  Ijy  dum,  WoodcuU,  and  Coloitred  Plates.    Sro.    London,  IB&O  .    0 

Loenneo.  A  Treatiie  oa  the  Uediata  AoMullatioo.  and  an  DliaaMa  of  ibo 
l.iin^  anil  Heart.  By  B.  T.  II.  LaCDoec,  Profasvor  to  tiie  Flcoltjr  of  Medkiae 
of  Paru.  With  Nolea  and  Additinna  by  M.  LaennM,  and  M.  AndraL  Trana- 
lat»il  and  Bditvd  by  Tbeophilus  Hcrtot,  M.L)..  from  ibe  la»t  (HUtion  :  vith 
Practical  NotM,  by  P.  II.  Ranadge.  H.D.,  Oiob.   dro.  with  Plaua.  Loadon,  _ 

IB4C  .  .  .    0  18  0 

LiObaudy.  The  Anntomy  of  the  Regiona  lutemiad  in  th«  Sofgieal  Operatioitt 
peri^rnied  upon  the  Uumati  Uody :  with  Occasional  Viam  <if  the  Pitbolo* 
gleal  CooditioQ,  wliiif li  renik'T  tlic  iulerificMx  of  tlto  Snrj^eon  aaceeaaiy.  In 
aSerir-sof  24  plau-s.  tb«  Sizcof  Life.  By  J.  Lcbaudy.   Polio.    London,  1S46     1     4  0 

Leo-     Tlie  Aoatomy  of  the  Nerrca  of  the  Uterui.     By  Robert  I.ec,  M.D.,  P.ILS. 

Poliu,  with  2  enured  Plataa.    LotHlon.  1841  .    0    fl  0 

If  addOOk.  Practical  OtMervatiooB  on  the  Elficaey  at  Madieated  Inhalaliaaa  in 
the  Treatment  of  Pulmonary  Coniniaptioi).  By  Dr.  Maddodt.  Srd  Kdition, 
8vo.  with  a  ci>lounid  PInte.     Ivmidoa,  1846  .  .0     56 

Martin.  A  General  Introduction  to  the  NatunU  Ilialory  of  Mammiferou  Anl- 
tuaSs :  with  a  |i>rtieular  View  of  the  Phyaieal  Hiitofy  of  Maa,  and  the  more 
dcitcly  allied  Gcnen  of  tbe  Order  *■  Quadramana."  or  Monkeya.  IQuatrated 
vfiih  29Ci  AiiJiliuriical,  OttedopMl,  aud  other  Engravings  on  woud.  and  18 
fnll-plstc  Rq>rescntntioni  of  Animals,  dravn  by  W,  Harvey,  1  vol.  Svo. 
Irfimlitu,  IRIl   .  .  .  .     0  16  0 

Miner.  The  Amcriean  Bee  Keeper*!  Manual ;  Ite.ing  ■  Practieal  Trcatiac  on  tbe 
llistofy  anil  Doiuntic  Kcononiy  uf  tbv  llunvy  Bee,  embracing  a  full  Uluskra- 
lioii  of  the  whole  Sul>>(>i-t,  vrilh  ihu  moat  approved  M^thodfl  of  Maaafini  thia 
Insect  thtongb  every  Uraneh  of  ita  Cultutv,  the  iteaiill  of  many  Venn' 
Bspcricnrr.     By  T.  U,  Miner      lirao.  Londoa.  1H49  .086 

Moreau  (ProfeBRor).  Icoik-s  Utntetric»i  a  SerlBt  of  60  Platea  and  Text, 
IBttstmlivc  of  till'  Art  ami  Science  of  Midwifery  fn  oil  ita  Branches.  By 
Moreau.  PrafesBor  of  Midvvifcry  to  the  Faculty  of  Madodnn,  Pari*.  BdiUKL 
nilh  Practical  Rcmarki.  In  J.  S.  Strutter,  M.K.C.S.  PoBo.  Clolh  boarda. 
London.  1841.     PrioQ  ilain  .  ,  .  .  .3    30 

" Coloured  .  .  .  .  .  .600 

Owen.  OdoDlography ;  or,  a  Traatfai  on  the  Compamtive  AMtooqr  at  tba 
TerDi.  tbeir  Phfiiotngicut  Itclations,  Mode  of  DcrelopmcDl,  and  Uknacoineil 
Stnidure  in  the  Vertebrate  Aniioala.  By  Ricluu^  Owan,f.R.S.,  Oorrespood- 
iiig  MrmlwT  uf  tlic  Royal  Aeademy  of  Socnoea,  Paria  and  Bcrlii< ;  ilun> 
teriao  Profieuor  to  tlie  Royal  College  of  Surgeons,  London.  This  tiilcndid 
Work  is  now  cfMUpleted.  2  mb.  royal  B«o^  containing  166  plates,  half- 
bound  ruaaia.    London,  1840 — 1&  .660 

A  few  copies  of  the  Plates  have  been  printed  on  India  pnper.  2  vola.  4to.  10  10  0 

FbillJpa.  Scrofula:  iU  Nature,  its  Prevalence,  iU  Causes,  awl  Uu  Prineiplea  of 
Ttvatnent.  By  Bugamln  PliUlipa,  y.K.S.,  SurgBoa  and  LoWirv  on  Surgery 
to  Ibe  Vastininater  Hospital.  8to.  with  an  engnrad  Plate.     Loorion,  1846   .    0  IS  0 

A  Trealite  on  the  Urethra ;  Ha  DiseiMa,  especially  Stricture,  and  thdr 

Curs.    flv^.  hittnls.     London,  1832.  .  .  .080 

FrichanL  TIk  Mslnral  IliMory  uf  Man;  comprixiDg  Inquiries  Into  the  Modi- 
^ing  Influence  of  Physical  and  Moral  Agrnricx  on  the  [lifTcrpnl  Tribes  uf  tbe 
Human  Pamily.  By  Jamei  Coivlet  Priclianl.  M.D..  P.ltS.,  M.R.I.A.  Com. 
■jnniling  Member  of  the  National  Instilutf,  of  the  Rnyil  Acaileny  of  Medi- 
cine, and  of  the  Slatistical  Society  of  France ;  Member  of  tbe  Amerioa 
Pbilooophioal  Society,  dec  A&  3id  BUitioa.  enlarged,  with  M  eoloared  and 
)  pbdn  lUuatntUHia,  engraved  on  iteeL  utd  97  BngnvbigB  on  wood,  royal  Bvo. 
elqiantly  bound  in  cloth.     Loodua,  ISM  1 

Ai^itcndii  to  the  Pint  and  &raond  Editions  of  the  Malotal  OMocy 

of  Man.  Uijt^^  Hw  with  it  mloHivd  Platea.     Idimloa.  Itt(6  ft  IMS      Raeb     .     0 


■  TAMDARD   SCIE^TIFir   WOUKII. 


Prichard.  Six  EthnopraphinU  Maps,  u  a  Supplement  to  the  Natural  niilory  of 
Man,  ami  to  the  Ucsco/clics  into  t  lie  Physical  Hi'itiry  of  Maukini),  folio,  culoiircd, 
anil  1  sheet  nf  leiter-preas,  in  cloth  boards.    2u<l  I^dilion.    I.n»don,  I0&Q 

lIluitntioDB  to  the  Kcftcvcbca  intu  the  Physical  Hiitoiy  of  UukiikL 

Atlu  ct  44  coloured  and  5  plain  PUtn,  ctigraTcd  oa  steel,  Urge  flro.  htlt- 
bound.     Londnn,  I8J1     ,,.... 

' —  Oil  the  nilTi'Tettt  Fortos  of  Insanity,  in  relation  to  Juriipnid«nce:.    (Da- 

dicaled  to  the  LqtiI  ChanijeUor  of  EngLaiid.)  IZoio.     Londoo,  1842. 

Rayer,  A  Thenr«tical  and  VnictJcnl  TrpatUe  oil  the  Dneues  of  the  Skin.  By 
P.  lUyer,  M.D^  Phyitcian  to  the  Ildphal  de  la  Cliarit^  TrUsUtMl  tij 
R.  Willis,  M.n.  2nd  Edition,  remodelled  and  much  enlai^rd,  in  1  thick 
TOl.  8vo.  of  1300  pages,  with  Atlas,  royal  4b>.  of  26  Plates,  tinelj'  entered. 
an'l  colmim)  uith  llio  greatest  care,  eihibiting  400  nrietiea  of  Cutancuas 
AfFectioiu.     London,  1835  ..... 

The  Text  tepantelr,  Bvo.  in  boards 

The  Atlu  4to.  separately,  In  boards 


Hyan.  The  Philosophy  of  Marriagi*,  iii  ti«  Social,  Moral,  nntl  Phyucal  Rel»> 
lioni ;  with  an  Account  of  the  Diteates  of  the  ReDiio-Urinary  Orfana,  with 
the  Pliysiulogy  of  Grncraiion  to  Ike  Vegeiahle  and  Animal  KiR|^onu.  By 
M.  Kyan,  M.D.    4th  Edilioa.  groitly  improved,  1  vol.  12ido.    I>ondon,  ltt43. 

Shuckard.  E»uy  on  Ihc  Indimtoui  Fotsohnl  Hymenoptere;  corapristoy  • 
Dtrscriplion  of  the  Brili«h  Speaet  of  Buironing  Sarul  Waipa  eoataioM  io  all 
the  Mcttopoliton  CollL-ctioos  ^  with  their  habits,  u&iraa  they  here  been 
obsovcd.  Bvo.  with  4  PUtM.    London.  1837 

Plate  I.  is  vaniiiuf. 

^^—  Elements  of  Brili\h  Entoniftlogy.     Pan  1.     1S39  . 

Syme.  Principles  of  Surgciy.  By  J.  Symc,  Professor  of  Clinical  Surgery  in  the 
Univemity  uf  Kditihiirijh.  3rd  Bihtioti,  much  enlarged,  and  illnotralnl  vtilh 
14  F'latci  on  India  pajwr,  and  04  Woodcuts,  1  vol.  8yo.     Loudon,  1842 

Vogel  and  Day.  The  Pathological  Anatomy  of  the  Human  Doily.  By  Julius 
Vogcl.  M.D.  Translated  from  the  Gemiao,  with  additions,  t^  Geor]ge  E. 
Day,  M.D.,  Professor  to  the  University  of  St.  Andrews.  Illustratnl  uitb 
upwards  of  100  plain  and  colnured  Eugratings,  Svo.  cloth.     London,  1847   . 

Wardrop.  On  Hlood-lelting;  on  Account  of  the  Curative  SffecU  of  the 
Abslrai-tion  of  the  Qlood ;  with  Rule*  for  eiDploying  both  local  inil  genaal 
Itltiod'ieUing  in  the  treatment  of  DLicues.  12mo.  London,  183)     . 

Wardroper.  A  Practical  Trealisfi  em  tli'r  Slrudure  and  Diseases  of  th« 
Teeth  and  Oumt,  and  on  a  New  Principle  of  their  TreataieoL  3tU  Edi* 
tion.  8vn.  Uiiidon,  1844  ...... 

Watorbouse.  A  Natural  History  of  the  Mammalia.  Dy  G.  R.  Waterbonuc. 
Esq.,  of  the  Brilisli  Museum.  VoL  I,  coniainin^  the  Onler  Marsupiata,  or 
Pouched  Animali,  with  22  lUustniions.  engraved  on  steel,  aud  18  EngrXT- 
ingft  on  wood,  roval  6vo.  elegantly  bound  in  clotb.  coloured  PUles 

P'lain       ...... 


Vol,  II.  containing  the  Order  Kodonlia;  or,  Gnawfaig  HimntaUa:  miah 

22  IlluitrniioDs,   cnG;raved  on  steel,  and  Engraviagi  oa  wood,  nyil  8n. 
elegantly  bound  in  doth,  coloured  Plates.    toadoB.  1848 

PUin        ...... 


The  Nalvral  Hutory  qf  Mammalia  U  mtauM  to  rmbrae*  an  otcotmt  nflhf  »tn»C' 
turt  and  habitt  t^ alUhif  btatpm^tteifl  t^ Qiuijmptdt,  orMmnmaUi  totfhieh 
triti  bf  aditvtl,  otifrrtttimu  Mpvu  Ikrir  yrttyraykhal  dirMdMtitm  «nJ  r/iurjfl'rtt- 
/lOM.  Sinit  Ifif/ouil  aitd  rrcent  s^^riet  Uhufralt  roih  atfirr,  it  i*  o/io  m- 
tfndtd  lt>  include  uulirt*  nf  the  kodtnp  ckaratttrt  <^  Ike  tslttut  ^reetn. 

7%e  Ofnerit,  and  m4H*y  rfflAr  ifurcut,  arf  Uiuttratrd  Ay  Eugrarhtfft  tm  witrl,  a»J 
hy  fl'oodnitt.  The  motlifitalirmt  ohterrablt  in  tlu  ttnulurf  <tf  fht  tIntlU, 
ttrik,  fttt.  and  alArr  parlt.  art  nhnotl  ewirrtg  iBuatrotrJ  by  M#ri  Engrmting*. 

Williams.  Elemrnta  of  Mrdidne  :  Morbid  Polions.  Ily  Robert  WOllanu.  MJX, 

Pbjsiciin  tn  SI.  ThoniBi't  Hospital     2  vols.  8to.     London,  183fi — II 
Vol.  11.  separately.    1841       .... 
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ST.lNDARn  NCIETITIPir    WOKK.S. 


WUUb.  Illiulnilion»  of  CaUneous  DlMMe  i  k  Serict  of  Dclinettlons  of  Ike 
Affeetiont  of  the  Skiii,  in  tlinr  more  intemting  uid  fm{utnit  fontii ;  vtlth  ■ 
Pnctical  Summary  of  tlicir  Symptoms,  Uttgootis,  anil  Tmitnciii,  including 
ftpproprmte  Fonnubc.  Dr  Rolwrt  WilUi,  XI.D.,  )t(einb«r  of  the  lUtykl 
College  of  I'byBiciiiu.  The  Uniwingt  ire  after  Nature,  atul  Lithographed 
b}  Arch,  fl^nning.  Tbcte  lllublraiions  are  comimwil  iu  04  TUtaa,  roliOa 
Tlic  Urawinp  are  Ori^als,  carcfuU^  coloured.  Boand  in  dotb,  lettered. 
Laiidon.  ]t<i:i  ...... 

un  the  Treatment  of  Stone  in  the  Btedder  by  Medical  and  Mwrluninl 

Me^iis.      l»(iclon,  tH(2    ...... 

Wood.  A  TreatUe  on  the  IVactice  of  Medicttw,  by  George  B.  Wood,  M.D. 
Second  edition,  2  voU.  8to.  Pbiladelphia,  1819 


Botanfi. 

BabiQKton.  Piimitie  Flore  Saniiae;  or,  an  Outline  of  the  Flora  of  i)w 
CtiADDtl  ItUoda  of  Jersej,  Guenuey,  Aldemej,  and  Strk.  I'ima.  London, 
1B39  ....... 

FiOlding  and  Ghurdnor.  Serlum  Planlarum;  or,  Drawings  anil  Detcrtp- 
tioDs  of  Itire  and  luidcKrihed  Plauii  from  the  Aaihor'i  llerbanum.  By 
II.  D.  ridding!  awinleil  by  G.  Ganlncr.  Suiwhntendent  of  the  KoyalUotanlc 
Gardcni.  Oylon.    8vo.     Londoa,  1844  .... 

Grfty  and  Spra^n^O.  Genera  Flom  Amerioe  BoreaH  Orientally  IQuMratt 
200  Platet.  2  rola.  Sto.     Botun,  1848— 4d  .  .  .  ■ 

HaaBall.  a  Hiiiorr  of  ihr  Briliih  Preah-mtcr  Alpe.  rani|iritiag  Detflripliona 
and  Coloured  I>eUneatiou(  of  nearly  500  SpBeifla,  lodudiog  the  DcsBiidnr  awl 
Di&tamaoea.     Thi*  Woric  ia  being  rc-baned  in  13  Monthly  ParU.     Price,  each 

Hooker.     Icone*  FUntamm.     By  Sir  VI.  S.  Hooker.  Director  of  the  Iloyal 

Bntauif  (iiu<]en«,  Kew.     New  Scriei,  VoU.  1 — IV,  containing  100  PUtcs  enoh 

with  E\plaiiatiom,  Hro.  etoth.     London,  1842— 184-1.     Each  vol. 

—  Vol.  IV.  Pari  2.     Umdon,  1RI8 

-  Tlie  tMttAoa  Journal   of  BoUoy.     VoU.  I— VI,  with  24  Pl«t«  oafb, 

boards.     1842 — 17  ...... 

Now  rfOwtd  to  20  SAilBnfft  hcA  VoL 

Notea  on  the  BotAny  of  the  Antarctic  Voyage,  conducted  by  CArTAO* 

;amk»  CL.*Ba  Itoaa,  B.X.,  P.R.S.,   in  H.M.S.    ErHnu  and   Ttrror ;   with 
Olaerrationa  on  the  Tuauc  Grasi  of  thr  PalkUnd  Ulandt.  flvo.  with  2  coloured 
PUIei.    Londoa,  1845     ...... 

Niger  Flora  \  or,  an  Enumenilkin  of  the  PUnu  of  VTcitem  Trofiical 


Africa,  Collected  by  ihc  laic  Dr.  Th.  Vogcl.  BotmnUl  to  the  Voyage  of  the 
Expedition  lent  br  llrr  Bntannic  Majesty  to  the  River  Niger  fn  1841,  aader 
the  CofDinand  of  Capt.  II.  D.  Trotter,  RN.,  iitdudiug  Sp>cilegi«  Gorgaoea. 
by  P.  B.  Webb,  and  Flora  Nigritiana,  by  Dr.  J.  D.  Hunker  and  OsorvB 
Bentbam.    With  2  Views,  a  Map,  and  :>0  Platci.  8ro.  London,  1H49 

MathOr  (W.)  Outlines  of  UuUny.  Pan  I,  with  7  Plaica,  12mo.  doth  boards. 
Lordon.  IMS  ....... 

Miora  I  J.)  Iltiisiraiiont  of  Sooth  American  Plants,  VoL  I.  4ln.  Willi  34  Plates. 
Loniirvn.  1S47— iO  ...... 

Sohloiden.  The  pisnt ;  a  Biofrapby,  in  a  Scries  of  Popular  I.ectur«a  na 
Boticy.  Edited  and  Translaied  b>  A.  Ileufrey,  PJ^S.  8vu.  with  5  coloured 
riair$,  and  13  WoodcuU.     l.otwlon,  I84H        .... 

WiAbt.  lilnttralion*  of  Indian  Botany ;  or.  Figure*  IllustrUite  of  each  of  tlia 
Nalarsl  tlrder»  of  ludian  Plauls,  described  in  ihc  Authnr'*  Proilrwmu*  Flors- 
PenitiaiilK  India  Orieutalii;  but  not  eonAned  to  them.  By  Ur.  R.  Wight. 
F.L.S..  Surgeon  to  the  Madras  Bstablithsient.  Vol.  1,  |ni)fli»hdl  in  13  Pwti. 
containing  9&  coloured  Plates.     Madras,  1839—40 

Vol  U,  Part  1  and  2,  vunuining  UGcoLourtd  Plate*.  Mailra*. 
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8TAN»AB0  SVIBNTiriC   W01IH8. 


Wight.  Imitcs  Pliiiitarutn  Indim  OriAntilui ;  or,  Plgur«A  frf  Imlian  PUnU.  lly 
Hi.  IlotHTt  Wiijhl,  F.L.S.,  SiirgOMO  ly  llw  Mii'lnw  Eslnhlitli-iicul.  Vol.  i.  4lo. 
coDsutiiig  tiT  IC  Pari*.  ctnUiniitg  Utgetlu^r  31S  I'UtM.     M.ulrk*,  1836— 4ft    . 

Vol.  II.  ctmniitiDg  of -l  Parts,  conuiuuig  togetlicr  3IB  PUW*. 

Miidras,  IMO— 12  ...... 

Vol.  ill,  PorU  1  tv  4.  with  5(K)  inaiM.    Mwlru.  1843^47. 

Vul.  IV.  I'vt»  1  ami  -Z.  with  '££3  PUtc«.     Mulnu.  1648 

Orfd  Parig  MKty  Sf  obtain^  la  ifimpMr  Sell. 


Conthbatiou  to  tb«  Bulaiiy  of  Indit.     By  Ur.  Bubcrt  Wigbl,  F.I.S., 

Sur^eoQ  to  tlie  Madru  EBtaUithnuuit.   dvo.     London,  1B34 

Spicilesium  Ncilghcncnu ;  or,  ■  Selccboo  of  Metlghcny  PbuiU.  Drawn 


ftuJ  Culuurau  front  Nature,  with  Brisf  Dcscriptiom  of  ench  s  aome  General 
Bemvki  on  tiK  Ooognphy  ukI  Aflinitin  of  Naiiiml  Families  of  PlanUi,  aod 
OccaiioEial  Nodcei  olUidr  Econnniica]  ProiiortiM  ami  Usea.  Dy  Dr.  Robcrl 
>^'Ight,  P.L.S.,  Surgeon  to  Ibr  Madni  KatabUshnKrol.  3  ParU,  41o.  with 
l&O  culoural  Plates.     MailrA!..  I84G — 18         .... 

Prodromwi    llorK  Peiiintula:    India  Orientaliti    cnnHlliilc  ilnidBtd 

De9cri|tliu«i.'i  of  tlic  I'lantii  fauiwt  in  the  I'cniniula  of  HritiNh  India,  amngikl 
acconling  to  the  Natural  SyttCTn.  IJy  Mn.  Robert  Wt{[lit>  ?.US.,  and 
Walkffr  ArauU.     Vol.  I,  8vi>.     tondon,  1^34  . 
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pfomiroiiatlitc. 

Amioa  and  Hhus,  wltU  Directions  for  tbcir  Ute  in  Mechanical  InJuriM  hhI 
in  otiier  Atfi-cliiini).     ISmo.     LoimUki,  1018     .... 

Belluomini  (J.,  M.D.)  Scarlatina;  its  Treatnutnt  llainiBop«.thladljr.  ftvo. 
UuiJoti,  ]Hi3  ....... 

BcBnninM;hatifien.  Manual  of  llomnopoibicThenipcutica.  intended  aaa  Guide 
tu  tlic  Study  uf  MaU-rU  Medic*  Piua.  Tranalated.  with  Additions,  Xnj  S  Laurie, 
H.D.    Bvo.     1848  ...... 

— Essay  on  the  iloni(cop&lhie  TreattDcnt  of  IntamlUcnt  Femt.   (No. 

New  Tork,  184&  ...... 

Blaok.     A  Troatise  on  the  Prindplei  of  llmnccopatby.  Bra.    London,  1842 

Curio  (P.  F.,  H.D.)     IVacticD  of  Iloraffiointhy.    1  vol.  Dvo.     Londoji,  1(138  . 

I'ririaplc*  of  llonxjcopathy.    1  vol.  Bto.     LondoUt  1837 

JalirV  Iioiiiirai«t1iy.     New  Edition,  2  vols.  IVmo.     LonduD,  1847 

Ste  J.vub. 

DoinMtic  Practice  of  Homosopathy.    3nl  GditiOD,  IBSO 

DodgOOn.     Tlio  PAllkogenciic  Cyclopedia,  a  Systemolir  Amiiwnwnt   BJid 

Analyida  of  tlw  MoouBOpathic  Materia  Hedlct.  Vol.  L  8to.  Lonwn.  18&0    . 

DUDSfoM  (Harris).    Tlic  PallinKanctic  Effects  of  sorac  of  the  Priocipal  llo- 

tna-opalliic  itirmrdics.    Hvo.     London,  1838     .... 

Ttic   PracticAl  Advuilagoe  of    Ilotmeomtliy.    iUii«lralerl  liy  mimeraoa 

C«9cs.     Dedicated,  by  permiisiQn,  to  Her  Majesty  Queen  Adrlaidr     I  vol. 
rii-D.  boards.      IK4I  ...... 

Bpps.    Domestic  lIonKLopathy ;  or.  Rule*  for  the  Doiwrtio  TrBalraent  nf  tlw 

MaUdicB  of  Infants,  Cluldrun,  and  Adults,  and  for  the  Coadnvt  and  Treat. 

mcnt  during  IVgnancy,   Confincinent,  and  SudJing.    4th   KdKkRit  ISnu. 

Irfiiidon,  lri44    ....... 

Brerest  I.T.  B.)    A  Popniar  Mew  of  Ilonnsopalbyi  eihibiliDR  the  Pr—Bt 

State  of  Ihc  Soenoe.     2nd  Bdilioii,  arocmlrd  and  much  enlufCo.    8*0.    Loa. 

don,  1830         ....... 

A  Letter  iddretsed  to  Ibe  Medical  PractiUoaers  of  GWA  Britain  on  the 

Sniiject  of  ll«iww»p»lby.    Hto.    London,  1834 
Gunther.     New  Manual  of  HonKcopothic  Veterinary  MedJcinc:  or  the  Do. 

niiruiMtliti:  Tti-aiuii.'iit  uf  lite  Hunc,  the  Oi,  tlic    Ilgg,  atnl  olbiT  PocMstic 

Animals      TraiisliitAl  fruni  tb<'  3nl  German  Edition,  with  cooBdenblc  Ad(K- 

liuna  and  Iniiirnvniionl*.     Purt  Kio.  doth.     Loudon,  1847 
Uuhnomann.     Materia  Metlicn  I'ura.     TrankLUeil  and   Edited  by  Cbarlaa  J. 

ManpcL  M  D.     4  VnU.  H>n  N.-w  York.  Itt44 
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■TA?rnARD  HCICNTIPIC  WOKKS. 


Hahnemaiui.    Organou  of  IIonMBOptthio  Medldae.  Svn.  I^Tulnn,  19-49 
TUc  Cfargnio  Diucues,  their  Specific  Nature  and  llomoMpithic  Tmt- 

meut.    Translated  and  Edited  bj  Chariu  J.  Ilettipel,  M.D.  b  rob.  1 2ino. 

New  Ygrk,  1840  ...... 

HEUniltOQ.    A  Guide  to  tbe  Practice  of  Ilomccopathy.  Tranalateil  and  eorapilnl, 

in  Aipbabctical  order,  fmia  the  Cennan  of  KuoflT,  Haai,  and  Rucken,  with 

Additions.  12tDQ.  Ld|mg,  \BH  ..... 
HaiTOl  (F.  Blagdon).  Papular  Outlines  of  HooKropathy.  24qio.  Load.  1B40 
HartmaOD  (F.)     I'ractical  Obter\atJons  on  some  of  the  Cliief  Hoiaawpalliic 

lUmedKi.    Traadated  from  Xht  German,  with  Notfct,  hf  Dr.  Okie.    2  roh. 

12IDO.     New  Vark,  1816.  ..... 

— ^— —  Theory  of  Acme  DiseaMi  and  their  HoDiaeopatbio  Tresttaent.    Traas- 

teted  b)^  C-  lleuipel.     2  roU.  )2iao.  New  York,  IH18 
Theory  of  Chronic  Diseases  and  their  Ilomceopathic  Treatment.  3  Tola. 

8vo.    New  York,  18*9    ...... 

H&yle<    An  Addreai  on  Ibe  HonuBopatUc  S^tem  of  Medidnc    8vo.  1643 
Hempol.     Ilomreapathic  Pc»ne«tjc  Pliyriciaa.    I2nio.    New  York,  1846  . 

Hering  (of  rbiladetphia).    The  llomoiopathiitt ;  or,  Domcvtic  Pbyudao.    2nd 

Edilitin,  l*Jmr).  I.uiidon,  18I&  ..... 

Homoaopathio  Examiner  (the).     By  Dra.  Gray  and  Ilempet.     New 

Scnca.     VuU.  L  and  II.  New  York,  \»i6—\9i7.    Each 
Jahr.     Manual  of  llomceopatliic  Medidne.    In  2  Parts.      Part  I.— Matxua 

Meuica.      I'art  II. — TiiBKArKUTiCAX  and  SvMrTOMATouKiicAL  Riroai* 

Tonv.    Tranilated  from  the  4(h  Edition,  and  Edited,  wtUi  Adiditions,  by 

P.  F.  Curie,  ilJJ.    2  yoIb.  8vo.  London,  1847 

7"Ae  mott  complete  Work  on  (hf  mbjrft. 
The  Antericnn  Edition.     Tninslaicd  nitb  extensive  additions  from  various  sonrces, 

by  C.  J.  Hcni[M-t,  M.D.,  and  J.  M.  Quio,  M.U.,  the  Materia  Mntka  only. 

2  large  toU.  Bvo.     New  York,  1848 
7%w  Work  ia  intendtd  to  /adUtatt  a  comperiton  qf  the  parallfl  rymptomM  iff  the 

variotu  Homaopvlhic  agtntt,  thtreby  enabling  the  Pratli/ioher  to  ifuKOtwr 

thf  chtneterietie  wyti^tomt  <if  each  drvf/,  and  to  ittermine  wil\  tan  and 

eorrtctimt  tkt  remtdjf, 
Short  BleiDeBtary  Treatise  upon  Honuxopathy  and  its  Practice ;  with 

•oiue  of  the  most  im|)ortant  Effects  of  Ten  of  the  Principal  Ilomceopathic 

Remedies.     Translated  by  £.  Uiyard,  M.I),     l^mo.  London,  1S4C. 

—  Pocket   Dictionary  and    Concordance    of    Houiiceopatbic   Practice,    a 


CItiical  Gttidc  and  Ke|Krtory  for  the  Treatment  of  Acute  and  CUrodo 

l>i»ea>es.    Translated  by  C.  J.  HcoipcL     Uoiscd  and  Eilitcd,  by  J.  Laurie. 

|2n)o.  London,  ]85'0        ...... 

Iiaurie  (J.,  M.I>.)    An  Epitotne  of  ilamcoopatluc  Domestic  Uedidoc  t2iao. 

2ml  EiUtion.     London,  1860  ..... 

Elcmeats  of  lloTOffiopathic  Practice  of  Pbyiic    Bro,  1847    . 

'^ Humuupathic  Domestic  Medicine.     &1h  Edition,  12mo.  London,  1S49. 

■  The  Parent's  Guide,  a  TrealJM  on  the  Method  of  Retiiog  Children  from 

their  Infancy;  Comprising  the  easential  Uraiichea  of  Moral  and  Physical  £da- 

caion.     12nio.  London.  1849         ..... 
MtLTBdon.     Notes  on  Homteopalhy.    8ro.  London,  IS49  . 
irowinaD(Oeorge).  llomoxipathic Fanuly Assistant.  2ndEdllion,19mo.  1847 
A  Concise  Exposition  of  Uomoeopaiby  ;  Ita  Principles  and  Practice.  With 

an  Appendix     ....... 

Bau.    Organoa  of  the  Specific  Healing  Art.     Translated  by  C.  Beiopel.    8vo. 

New  York.  1847  ...... 

BOBOnst^Ul  (J.  G.)      Tlie  Comparative  Merits  of  Allu»]wlby,  the  old  Medical 

Practice  ;  aiu)  1  loinumpathy,  the  reformed  Medical  Practice ;  particularly  illwu 

tratcd.     Bvo.  Montreal,  1846  ..... 

Hueokert.     Thenpcutics;  or,  Suce«rstful  HooMCopathic  Cum,  collected  from 

the  best  tlomtcopathic  Periodicals.     Bvo.  New  York 
BuofT.     KepfTtory  of  HomoMpatbic  Medicine,   Nosologically  aiTWigixL     Trana. 

Lated  from  theGcrman  by  A.  11.  Okie,  with  Additiona  and  ImproTementi  by 

G.  Homphrey,  MJ).     12mo.  New  York,  1843 
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Townsend.  Fwii  in  Klnmcrisin,  trith  Rcaioni  for  ft  Dtipusionile  Inqnfay 
iiilii  it.  By  the  Rev.  Ch.  If.  TuwnteiMt  Sccanil  edition,  with  «  Nrw  Preuc«, 
&ud  cnlirgcd.   6to.  London,  1814  .  .  .  .  .    0 

The  mwt  PkihnsMvai  IFprt  m  $M  mt^l. 
Zoist.    A  JoanuU  of  Cer«brml  Phfiiolof^  and  Mesmaitm,  and  their  A|^licalioQ 
to  HiuDU  MVVUuT.     Publitbed  QnarteriT,  each  Number  .  0 

*»*  TUa  Journal  coataiMi  pa|>on  bjr  Dra.  BlUoUoa,  Sn^tilne.  Aihburner.  &e. 
Thirty-^nf  Sumhm  A*rf  atrtwty  apprart^ 
— — ^^-^^-^—  Not.  1  to'  2ft.  fnnniu^  7  roh.  8vo.  cloili  board*.     Eadi  vol.  .    0 
F«iL  /..  CommmcfJ  jtprU  1,  1M3,  Mv  amr^  •v'  «^  'Vm/,  it  41. 
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Bulver  Lytton  (.Sir  E.)     Confwwow  of  •  Waler  Patient.  Third  edit.  1847    0     10 
QeOrgii.      A   Vw  Words  on   Kinesipalhy;    or,  Swedish   Jhlnlical   Cyiunutic. 

The  AppUcalioQ  of  Active  anil  Faiuve  Moremenla  to  the  Cure  of  D'urnkta, 

■coonfiM  to  the  Merliud  of  P.  H.  Ling.  Sn.  Loadon,  16&0 
Wilson.    Practice  of  the    Wahir  Curr.   with    anthentieated  Rvtdetioe   of  ita 

Efflcae>-  and  SafHv.     Put  1,  ooataiaiog  70  autbenticateil  Caws,  the  Opinioni 

of  En^h  Medical  l>nctilk»en.  i  Sketch  of  the  iliatorr  and  ProgrcM  of  the 

Water  Cnrc.  «att  «n  Account  of  lbs  Prooeaaea  used  ia  tbe  Ticatauait.   8to. 

London,  1944  ....... 

The  Vr'aier  Curi^,  Stomach  CoraplaiDit,  and  Dragi,  Pif«n»es,   their 

Caiiwa,  ConsAiuffncca,  aod  Cure   by  Witrr,   Air,  Exerdu  and  Dieu  tiro. 

Third  edition,  lt»43         ...... 
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BoniBtein  (L.)  Sdeetiona  from  llw  best  German  Aulbon  In  Proae  and 
PtH>try  ;  aUo  some  Commercial  Lettcn.  Itmo.    LoDdon,  1843 

Bonifiuw.  Modern  Engliih  and  Frea^  CanrBrvatlm ;  eontafaslny  ElenentnT 
Phnues  and  w;w  Eaay  Dtatognea,  in  Itaoeh  and  Bngliah,  on  lb»  motl  fanC 
ILu-  Subject* :  for  the  Uw  of  the  Trareller  and  Studnit.  by  M.  Uonibce. 
Sixteeiilh  edition.  IHmn.    Lomlon,  Mii  .... 

Ollendorff.  A  new  Method  of  Leaming  to  KoAd,  Writ«.  and  Speak  tbe 
Crrman  Laagoijnia  Six  Montbii.  Hj  H.  ti.  QlleDilorff.  TrimlaWdfcwB  Iha 
Kifih  Frendi  EtUtioii.  Uy  U-  J.  Bertincbainp.  A.D.  Third  eiUtfam.  revbed 
and  conilderably  improved.    I2a>0.  bound.  1850 

A  Kay  to  tbe  EKerdia.  IZmo.  bound,  1840 

PrMgW.  Outfines  of  the  Elenieatary  Prinriplct  of  AnthrnpoJofical  Edocation. 
8««.    LondoD,  18MI       ...... 

TrOppaneger.  German  r«r«mniar;  with  Keading  Lcaaow,  syvtenalkallj 
amagril  in  ithow   the   affinity  cxi«tiag  bat  wen  tka  In^Ui  aad   German 
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10  k  12  renillcA  d'iiii|ire^on: 
I  Soiucri[ilion  jNHir  TAna^       ..... 
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3  Moia     ...... 

Ua  dea  mtilleutt  Jotvnanz  da  Utt^fMitfc  pnblU  k  Park. 
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Language  and  I'rogrcasin;  Bierciwt.    f  oaith  odilioB,  l2mo.  Loodon,  1849  .000 


Wiglosworth  (Thomas).  Table*  of  tbe  Ix>g*nthm  of  ibti  PmbaUIitjr  of 
a  Lifi>  of  au.v  KMtgned  age  Uting  to  any  olber  ig*.  arconling  to  tbe  eipprienoe 
of  llie  L'irlL«)r  Table  ofMorltttj.  Bvo.  Lowloo.  184H     .  .0^0 

■  Vital  Suiittka.    An  Baay  on  Uw  me  ti  Mortality  among  Children. 

Bra.  Londoa.  1847  .  .028 

H      WoUosley  (W.)  De  la  Prance  CoiMmpafaina  el  de  aeadivUana  HUnnUqiMl. 
^B  fUpoua  a  I'ottvrsge  de  M.  Otrnor,  de  la  "  IMniocTmtie  en  Pnnec,"    9-m, 

^B  l.oodici,  1849 .  .000 
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IJBBABT  OT  ILLU9TUATRD 

tnnbarh   liitntific   IVnxkQ. 


Ukdh  thli  Title  tbe  PobUsbcr  bu  tlrcady  U»»ed  Nine  votames.  ill  printed  in  t  fiat 
tjpe,  in  tb«  ocUvu  form,  uid  illtutralotl  in  tlie  inoit  efficient  BUnner. 

It  ia  lateiuled  that  thla  Serki  ibtU  onbrace  Worki  in  tbe  nhoui  bnncfaci  vf  Sdeoee  by 
the  tnoat  euuncnt  men  in  their  ropective  departmenta.  Several  are  now  ia  Mctiial  i«Tpntinn. 

No  eipeoM  has  been,  nor  will  be  ipored,  to  make  Ihia  Ktiet  of  Work),  wonbr  of  ibe 
support  or  tlie  Scientific  pubUc. 

169,  rvLTOK  aT&xKT,  Hrw-  tore,  u.a.,  H.  BAILLIERK. 

AMD  219,  lUHiCirr   gTBKBT,  LOHDON. 
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Prcfeaasr  Mtdler*!  Frlnelplea   of  Pbr»lea  and  ■eCr«r»l*nr. 

WITH  &30  WOODCUT*  AND  TWO  coLOCRKD  EN(iaji\nwo».    B%-a.     ia», 

tl. 
Profeaaor  Welabaoh'a  ■ccHuiIck  of  Macblnerr  and  EasliaeerliMr. 

VOLS.   t.   AND   II.  WITH   900  WOODCOTt.      £1    19«. 

III. 

rrofeiisor  Knapp's  TerhnolOKT:  or. 

ClieailfltrF    Applied   to    the   Artn  anil    to    Mnnafartarra. 

BDITKD   DY  DR.   BONALDS,  AND   DR.  T.   RICHARDSON. 

rOLA.    1.    AKP    II.    KrLaKDIDLV    ILLL-flTKATaD,   PBIOK,    aACB,    £1    If. 

IT. 

,4|oekett'a  (John)  practical  TreaUac  on  the  llae  af  the  llleriMvapr. 

WITH    aTEBL  AKD   WOOD   BMOEAnKSa.      BVO.      £1    l«* 

V. 

Profeaaor  Grahani'M  KIctDCiitH  of  rhcmlalry,  with 

ItH  Application  In  the  ArUt. 

tKcoNo  xomoK,  wiTa  ii(KUMaEABt.H  wooDflura.    TOL.  1.    £1  la. 

TT. 

Prafcaaor  Pan's  Anatomir  of  the  Bxtcmal  Porta*  of  Han. 

FOR  ARTISTS. 

EDITED   BY   R.   KNOX,   MJ). 
9to.  amp  Air  ATLAi  or  28  ruAraa  4x0.    ruuK  •£!  4».    cot-ocacn  £2  7*. 


In  t|c  ^ttffi. 

1. 

Prafeaaor  Oordon'a  Trcattar  on  the  stenni  Biislne,  and  an  lh« 
MollTe  Power  of  Heat. 

OIVINO     ALL     TH8     1 M  TBO  VBU  RNT8     TU     THE     PBRaKNT     TIHB. 
BBAtTTirULLT   ILLVSTBATBD  OH    STBSL  AND   WOOB.      1    TOI-.     dTQ. 

II. 

Profeaaor  Nlchol'a  (GlhASow) 
Aitronomr.  Hlalorleally  and  Sclentlllcally  BcTOlopcd, 

8B0VIXG    TBI    B1»E    Of    TUB    SCIKSCE    FROM     ITS    rOUNDATlOV  ;     ITt    UhOWTH, 

AKO    Tap    COABACTKB    QF    TB8     ILLrSTKlOCS    UKX     WHO    flAVB 

COKTBinVTBO   TO   IT. 

wiTd  iLLPPtmATioifa  os  mat  *}>i)  wood.    2  tols.    8to- 

^  111. 

&  Camplcte  Trratlae  on  Xetallnrrri  and  the  rbcnUtrr  af  th»  Mi 
BY    i>KS.    RONALDS    AND    RICHARDSON, 
anrroaa  or  "axArr'a  nt«nM0L0«T." 


bcwvoK  I  nuwna  n  aemua  Mm  so,  «  roc*is  attMB. 


